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This Is a thought-provoking' book by an eminent psychologist 
Involved In the study p£ humani thinking* What Professor Flschbeln h 



to s^y should be of Interest to researchers and graduate^studen^ In 
mathematics education for several reasons. First, l^ls abotit 



mathematical Intuition* a topic of considerable Interest which has not 
received enough scholarly attention > Second? the ^deas grow out of and 
are an elaboratlcA of aspects of developmental psychology* Furcnerm^ir^, 
Flschbeln's analyses and findings should be of interest to cognitive * 
scientists. Third* probability Is a topic gaining In Importance In 
mathematics* Hathematfcs educators should be Interested In research 
finding^ about Intuitions related to the Teaming and teaching of 
probability* Fourth, Fischti'eln, In contrast to many psychol9glsts, does 
not view mathematics simply *as a ^collection of^ concepts to be mastered. 
1^ sees mathematics as a language and set of l4eas one uses to reason 
-about problems, Thu^ , mathematicians will find this a sympa^ietlc book 
to their Ideas, And finally; for these revl ewerSf .J|^hls book Is a rare 



dfjcument In that It portrays the features of a re;al research program. 
For novices; too often research constructs and'methods ar^ portrayed In 
terms of single studies, significant findings, etc* Concentrating on 
results from single studies distorts tfte pro^^ss of Inquiry* Real 
research involves models , of phenomenon and a series of studies de.slgned 
to clarify or answer, questions about the phenomena* This book, although 
not written to port;ray the features of a research program* does It by 
example*" For all of these reasons, we believe this volume should^be In 
all mathematics education libra^^les* 



Organization and* Purpose .of the Book 



V 



Following a. brief laudatory preface by Hans Freudenthal* the book 
contains^ eiglit chapters and four appendices* The latteV ar& not reall)^ 
appendices, but axe reports of four studies .\fhich support the thesis of 



the acquisition of intuitions and illustrate the process 9f ihquiry»» 



L 

Preface * frofessor Freudenthal Contrasts Fischbein's notions aboutT 
^ * * -. * ' ■■ ' * 

the acquisitl5n of intuitions (learned rather than inbtiilt) with the 

usual^concept attainmer^ point»of view. He suggests a shifting of 

stvess^^^fSm concept"^ acquisition Jto^reasoning* He argues that this is 

desirable wlttiln the mathematics eiducatlon 'community. 'Futthermore* he 

believes *Fischbein's. views are an important contribution in ''this change 

in emphasis/ . . * 



t Chapter I> Introduction / This brief chapter (four pages) presents 

■' * ' ■ • 1, * ' I ' ^ ' 
a number varied reas9ns for studying prj^babiiity* Fischbein ,' 

» . , *l ^ 

di'scMsses th^ general scientific usage of /ptobabjLlity * He argues that 

behavioral phenomena are stochastic in nature, ffeShts to the; increase 

iji the £^achlng of probabilistic ni^tlons a£ ^all levels* and Ij^^plaimd^ 

that probability is a good, w^y to' teaqh independence, and creativity in 

■. ' ^ ' » / ^ r 

mathematics* Howeverv his p^rimary interest is witlr intuitions J As a 

9^ . * ' i * 

psychologist ha define^ intuition as a stabilised action ptogrlmme which 

* ^ ' . ^ ' ■ ■ > ' ^ ^ ; * 

is a hierarchical process in.t^he organism which can control^the .order 4^ 

which ^ s^quence*o3 Derations is performed Xf>'20)/ In addition^ 

"Intuition presupposes a set of distinguishing features which |conIj|er 

specificity on, it" (p-3lj* It is thes^e fejatjures <^ . instructii^n that 

Fischbein ^is Attempting to describe- 



Chapter II*/ Intuition and latelligence / This is the most import-^ 
ant and .most interesting* chapter .of the bopk, for here the cpatral 
theoretical constructs are^eresented* It;s title is a misn^hier in that 
its'^sole concern is with intuitions, although later it is argued that 
"intuitions cannot be accounted for ^outside of the mechanisms and 



tendencies of intelligence as a whole'* (p^ 65) » Fischbein assumes that 
intuitions are generated anb developed rationally* Intuitions are not a 
priori* but are autonomous cognitive processes* ' H« then .discusses 
various divisions of intuitions into'^species ; a trichotomy into 
*pre--operational, operatiotialf and post-operational* and then two (not 
necessarily exclusive) dichotomies of primary *or secondary intuitions . ^ 
and affirmatory and anticipatory ones. Apart from a coup}ja of examples ' 
to Illustrate these splits, most of these splits are not used in ^e 
rest of the work, - i ^ 

"\ . ' 

He points out well that Intuitions need not be correct* in spite of^ 
the fact that they represent st^ifed and th^efbre verified experience* 
He claims we l\ave oAly a meagre intuitive substrate with respect to 
probability^ His prime intetest is now made clear and that is the ^ttidy 
of intuitions and their relation to action* In fact* he argues that what 
is critical is "th^ relationship between intuition and ac^iion in that 
human/ behavior is itself probabilistic" (p* 17)* He goes on to claim; 

■ • ■ ' .■ ■ 

* The responses of an individual cannot. be' reduced to either^ built-in 

stereotypes^ such as instincts, or acquired stereotypes, ^uch as 
* classical conditioned reflexes* The- coiiplexity of circumstances 
frequently compels the individual to respond^ on the basis of a 
global intuitive estimate of odds* Sucii statistical intuitions are 
an intrinsic feature of behaviour* (p* 117) ^ 

: ■• ■ ' ■ • -r . ■ T-v 

Furthermore, he claims that the curriculuAi Ojf probability learning mu§t - 
take into account the' 'intuitive substtate* — ^ " ' - ^ 

; ..J /-v ■ ' - 

We therefore believe that the, introduction of nevj curricula in ^ 
, schools should be preceded by research into the primary intuitive 
substrate of the relevant subject. Th^ primary i^ntuitions may 
^ facilitate j:he assimilation of new knowledge if. they correspond to 
scientific truth, on the other hand, if they do not Correspond to 
scientific truth, they may J^mpede the assimilation of new 
, knowledg^, (p, 18)^ 



\ 



\ 

J 

From this introductory argument the two somewhat disconnected 



topics 'are present; which canprise the book; 



probabilistic models of 



learning, knd the orgaiHz^ltion of "conceptual sche'iDas In the domain of 

N probability* Onfortnanately for the re'ader^^he language of 4>robability 
^ ■ ■ ' 1^ *^ ■ ^- . » 

enters the disi^ussion in three^ways; first, as the stimulus' set ojE 

concepts to be learned; .second, bs a desc^rlption of intuitive th inking 

i^(i*e*, intuition is basically , probabilistic in its d^elopment); and ^ 

^f;lnally, as a matheinat;ical model of the thinking process (ijre.,\a 

prob^b^ility model for response generation)'. Note tHa^ in the last* two 

cases other content could be used^ to examine questions. in those areas* 

' ' ^ - \ 

This. trichotomy of use of probabilistic terminology, although 



undoubtedly c 



the q^utlior, can be confusing to the* r^Sder. 



He believes learning about probability concepts is "a good *place" for 
> . *' * * 

.study of^interactions* ^Ke then raises the question mentioned^y 

Freydenthal in the poref^^e, namely could conceptual understanding of^ 

proljabiluty benefit from practical training? *He ends with five 

t hough t-iprovo king hypotheses on the ontogenesis iof probabilistic 

b^haviod: 



^1. We can hypothesise the' e^cisj^ence of a natural intqitive 
substrate fot the notions of chance "and probability,^ 
because tjie day-to-day experience of the chJ^Ld comprises 
stochastic processes* If intuitions preside the mechanisiff 
whereby intelligence can rapidly insert" itself into the 
flux M practlcal^r mental action, th^n we can assume 
that day--to-day' 'experience woul4 created this adaptive tool 
^in the pre-operational chil*. \ * 

* 

If intuitions are synthes^ of individual experience,^ 
* probabilistic behavior should develop^in step with general 
Intellectual development*^ ' " ■ ' 

* 3, The formation of a natural- intuiWve subs'^rate must,. he 

distinguished from the development of secondary Intuitions 
which are the result of systematic instruction. Since the 
intuitive substrate, of probabilistic thinking is 
relatively poor (aiid, as wfe shall see, contradictory) the ' 
problem of the. formation of secondary p^robabilistic 
intuitions is particularly 'important from the point of 
view of mathematics curr^cul^T 

'~ ' J ' 

4. If the theory of probability 'is supported by a specfllic 
int^uitive substrate, and if this su'bstrate is largely to 



be acquired through, the process of educatlctn, then Hie 
teachjjig**af Tprobablllty theory shoiild start at the 
coivrete operational lev^l, or at the latest during the\ 
period of organisation of formal operations (12-14 yeacs).*. 

^ *5. ; It Is clear, however, that, before ^tfe novel latultlon$ and 
conceptual system of any branch of sclenceEpan be Imparted 
"tfirough educational procedures, it Is necessary to know 
tW prima rV intuitive substrate underlying the'sclence, 

(PD. 17-18) . ■» ■ ;^ , . 

" Chapters ni, IV, and V constitute a dlstlnfct part of .the~ book. ^ 

Here FlschbeiQ_ presents the conceptual basis o'f probab^lty learning 

[ - * ^ 

theory and examines In de^al^l the spontaneous ^responses of children ^to 
stochastic sequences of stimuli with fixed frequencies* ' , 

, Chap^^ III> Probability Learning . In contrast t6 the last ^ ' 

chapter which we found challenging, this one' was disappointing* 

■ # ^ - * 

Flschbeln fouad It Imp^ortant to consider a mathem^tlca^l mod^l of 
learning (specif tcally W* K* Estes' probabilistic the<^ of learning 
bas^ on stimulus samplings theory) , Al'thoiagh Fischbeln's review of that 
" theox7 "is adequat;e, lt;s connection to Instruction is not well argued ' 



I 



Probability learning ia a Variant on simple conditioning with. an 
inteinriittent s.chedule of reinforcement. The Intultloa of relative 
• frequency is discussed and classified as prlmairy, anticipatory, and not 
affirmatory and p re-ope rational.* His aim is to use the data on 
probability learning 'to formulate and Illustrate hypotheses about the 
nature and development of Intultloifs as ajVhole* ^The only connection to 
instruction is in terms of probability matching as an expression of a 
particular intuition, relative frequency* * ^ - 

Chapter IV^ Probability Le^rnjlng in Children , This chapter is a 
T ^ * ^ I I ' , ^ ■ 

detailed review of literature, organized arpoind four aspects of 

probability being; \ * ' - * * ' 

(l^asy^aptotic and maximising behaviour as a function of age; 

■(2) tlie role of reward" and punishment; * . * ' , 



* (3) the roie*jOf Instructions; . ^ . ' 

* '(Mj ,recency effects and'sequentiaX analysis* " . * 

Ovarall, tfiiais i3 a^w^ll-documentedi carefully argued review of the 
psycholtfgica} literature on these as|)ects - Unfortunately, sinc^' one 
concern was curri'cular> he did^not review the teaching or curriculum 
work on this' topic* 'Nevertheless;* in' summarizing the literatijxe he / « 
posed the following seven findings from. the rOTiew; . ' * 



(1) A' tendency to match input probabilities in probability learning 
t^sks is manifest at all age levelS'x.Audied, down to three years^f 

.^s^- .... . . ■. ' ^' * • 

• • ' ■ ' ■ ■ ■ / ■ . ... ./ 

(2) The rate at which the' proportion of choices reaches the input 
probability level -across trials increases with age* The input 
level is reached, at the^lat*est> by 5_-6 ye^ng^. ■ 

(3) Reward induces a maximisation tendency which becomes stronger" 
with, age, ^ ' ' * ' ' 

' (4) Betw^n the ages of 7 and 9 thcrWis a tendency, toward 

stereotyped' responses, particularljr^lteriiating responses* ' After 

the age on 11> howeveif> predictions are <3e^ennined more by pat^terhs 

extrapolatfecT froiA antecedent sequences of events** 

■ - 

,(5) Older cnildren lacre^Sitigly seek more sophisticated strateg^s,,' 
'based on th^ conviction that(t"here are rules determining random \ 
sequences. 



(6) Probability matching behaviour in -children is subject to * 
.generalisation in the same w^y as classical' conditioning* 



(7) .•Prior-^ihsttuction'in the concept jof chance and probability™as 
well $s 'in som^'^impl^ pr6cedures /of probability computation-- 
improve, probability matching performance in probability 
^ learning S%sl^ .This findin'g supports, the hypotliesis chat there- 
is a rudlmetttapy conceptual organisation underlying probability 
behaviour and Spontaneous probabilistic -behaviour in general « 
(pp,* 56-57) \ ' /^ ' ' . ' — 

^: ^ \ / ^ r : . ^ ^ 

^chapter V>, ^ The tntuitlon^.of Relative, Frequency > Here Fisch^ein 
claims that fJrobabillty matching i^ the expreslion of a particular \ 
intuition, namely that, of reldltive frequency* Negative r^c^cy effect, 
why It ^s i^por^ant, ahd its use ^sia Vtvbngly-held bdt erroneous 
inttiitioh is discussedj^ overall* This chaptdr^oataifts* a more general 



It 



T>ased» 



fdj^cusslon of research and p^entlons only a -few research -studies^ 

concludes with an Interesting <}lscusslon' of the heuristics - 

availability and repres^tatlveness* Here FiscMteln" argues ^tfiat,- ^ , 

' the intuition of relative ^frequency* thou^ correct in Jaany 
* situations. Is In fact I'nfluenced and biased by a variety of ^/ * 
condition^* He* then" suggests that two categories- of suph ^ *f \ 
disturbing factors : should be distinguished « _&rs*t:, 'thete ar e ^ 
'factors which are extrinsic to the psycholog^Kei^X michanlsjns, of 
statistical evaluations* AvallaUillty is an,' ex^mpTe* The errors 
, ,ln thlsytase «re ntft due^fo an ineorrect probability judgei^nit^as 
such, but to the ioltial "Information on which*, thfe judgenteni is 



* The-second' category c?ont^ns errors which ar.e due to the ^ , 
me'chani^s of evaluation per se. The heuristic t>f , ^ . * " 
■ tepteserit^tivene^s. tplongs to this category*"^ The errcvrs trst'Cbis 
category are due primarily to insufficient knowledge pf the dheory 
of probabilltyi What is significant is the fact thafe tt^e erroi;;^ . 
^r^pdt blind errors ^ They ate generally determined ]t>y -the 
subject's tendency to Interpret .randomness, as thoujgh dt were ^ 
rationally governed- Representativeness, the. searc^^or cl^ar 
Interpretable patterns (e»g. theJ^Ltuition of relative frequency) . 
may be explained being caused by the*"effort of human ► ^ - ^ 
inteiligeifce to roaHe the random more reasonable, in the absence o£ 
suf f icient'Tnathematical knowledge'* " (p* 64) ' 




Chaptjsrs VI and VII form a second, and f oV a more interesjtfh|, " 
distinct part^of t;his book,* These ^re two- long- chapters which ciescribe^ 
a s&rles of experiments concerning aspects of the con^capt^pM 
organization of probability ^from a neo-?iagetlan d^v^lopmentlal 
perspective** 



jt 



■ * * ♦ 

* Chapter VI. Estimating Odds' and the (Concept of Probability > - In 

this cH^pter, several experiments discussed. Firs^t, chance and* 

necessity -^re seen ks a pair of pol^r iptuitions. ^Heire^Flschbein * 

revl^ews Plaget's* clasai^ work on the concepts' change an§ necessity and ^ 

then extends that research (Plaget and Inlielder, 1951). , Fis<^hb$^in. and^ - 

his' a^soclates;^repoi;t" two results fr&m a vell-don^ "stUdy rep6n;ed in 

Appendix I that — ^ ^ . - ' * ■ ■ . . 

>- > . ■ . , : - ^ . . . , - *^ 

WelUbefore the^ op.eratlonal ^age,, the child '[possesses- an In-tuitioil 
of chance, and carries out.lntuitive ^stimatl^n odds, althougji , . * 



12 '• 



\ 



;the absence of op er^f^^n allv structured tbou^t |fr,eclude -the' 



' conceptu^~&tructu7fnlo^ 
Vhe intultloh of necessity. ' , ' \ ^ - , 
' 'At' the level of formal operations, according to Flaget and^, 
Inhelder, iChereiWlll be an improvement in the estima^on of 
probabilities*^ ^In fact, however, as ourj experiments have' shown, 
Vith Increasing age the estimations b^cQine poorer; pre-school 
children feive the highest percentage <jf correct responses, when 
compared with 12-13 ye^r-olds, in situations -with equiprobable . 
outcomes > t With Increasing age, t^\responses became more erratic, 
more hesitant, and more frequently incorrect* Cp, 22) ' ■ \ 



Furthermore, ' they fixplaia these findings in terms tSf instruction by-*^ "^ 
arguing that schools inculcate the notion of univocal determinism. At. 
the operational level, the child J.ooks for causai rela^tjons which will 
permit univocal -predictions, even when the objective situation provides 
no evidence of such relations* Evidently, chance implies to older 
children nothing but ambiguity and uncertainty, and thus denotes the 
failure of cognitive efforts. The pre-school child is le^s disturbed by 
ambiguity. The child apprijaching adolescence is in the habit 
(inculcated by instruction in physics, chemistry, mathematics, and even' 
history and geography) of seeking causal relations which can justify 
univocal explanations Cpp» 72-73)* ' ^ - . 



.; Second»2p_£&timation of odds, Fischbein makes the distinction 

beCween making predictions while "knowl|rg the structure of the^ ^ 

^conditions'^ and predictions based on estimation. He then presents an 

excellent review of a Series of studies on the topic of systeniatic 

instrucfeltn. His summary oj the studies on estimation of -odds shows fife^ 

clear relationship beti^en instruction and level of reasoning* ^ 

pJe^school children possess a natural intuition of chance and the 
quantification of chance, but, at this age, only estimations based 
on binary comparisons are possible* Instruction does not bring 
about .^^^^signiflcant improvement in this respect* 

If appropriate .instruction is giv^jri- at the leyel of concrete 
operations^' chjldreh cat! Team to compaterodds by means- of a 
quantitative comparison of ratios* " . 

' . ' - - ^ _ . " ■ * ^ 

^ . At t^e level of 'formal operations, tjies^ estimations are ^ 

carried out directly. The dif fi'Culties encoiintered by the 
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intelligence in acquiring and using Vi;oMbilistic cgncept^ are, 
expl^ined-uiii-,pairt-by^l^c^taln_f mi^am lacunae witliin th^,^Bt of 

intuitions relevant "^o probability, and in part by Sih incr^^ip^g^ J;^^ 
* - tendency of maturing.^intelligence to seek univocal- g^us^I ^^^-^ ^ 

. ' explanations * (p* 98)' - * y*^ ' - ■ ^ j ' ' * 

' * \ ' ^ ■ ' , ' .... * ^ ' ^ 

In adcllt^-on, one serendipitous discovery was that teachers v^rong^y 
advised students* In fact, they found it was more difficult to make 
teachers understand the concepts of probability than to mak^i^t^i^eir * 
pupils understmd them* Th^ teachers, wrongly corrected tests on several 

I occasions; the children had given the correct responses, but the 

1 ' * ' * * * 

teachers had interpreted the questions wrongly* This is an important 
jfinding,., since it demonstrates the loss with age of certain intuitive ^ 
faculties* An adolescent has better chances of rebuilding an intuitive 
structure than an adult (p* 92)* 



ijhapt^r VII* C6mbinaj:orial Analysis * In this chapter, Fischbein 
Relates combinatorial ability ^to logical thought* He begins by 
challenging the conclusion of Fiaget and Inhelder that^ combinations are 
not available until the level of formal thought* From his detailed 
analysis o^ the results pbtaiT>ed by*" Piaget^^nd-,^Inhelder he made the 
following conclusions. 

First, not all subjects the level of formal operations were able 

— -~~ * ■'■ ^ 

to discover the method of constructing combinations- Subjects were not^ 

) . " ' ♦ . ' 

able to deal satisfactorily with arrangements until the dge of 13, and 

they 4id not find a method for .dealing with petmutations until the age 

of IW^S years* Fischbein 'c6ncluded*^that 

|Thls indicat:es that during the stage of formal operations (12-lS 
years) the intellectual capacities required for comMnatorial 
operations are continuing gradually to^^uelop, and this 
development is. not, in fact,' completed during/this stagef * 

(p- ,105). : . , . 

^Second, he claims , ^ ' 

the experimental design used by Fiaget and Xnhelder. Incorporated a 
learning factor, since the /gradual increase in the set ^ize o£. 
elements suggested a particular method^ t^d^ the subjects. It is 
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. .7- . 

.therefore quite natural to wonder what would happai if on« intended 
in the developmental process (vhich, in its natTir'al form, seems 't6^ 
be ^Ite slow and^^labo.rious) bj| offering the adolescent, a > 
-'.^ysteraatlc comlrination' technique (p- 105) 

' * • \ . i * > ■ ; 

From this analysis he ^ses the follbwing problem; 'is it' poslsible that 

systematic instruction could accelerate the^acquisition of the s^t of^ * 

* ' " i ' " 1 

operational schemas needed?. An important aspect of . this proces^ would. 

be that it woulcf require the acguisition of structures, and not [of 

specific information or particular procedures* 

■ . /. ■ ■ • 

The teaching strategy Fischbfein chose to follow^ to answer this , 

question ihe calle(l the "pref iguratiori of strvctures strategy/* ■ This 

Strategy .expresses ^the necessity (not merely the possibility) ojf 

preparing for l5he .assimilation of^abstract structures b3r prefi^u^ng 

these structures' in^ the previous stage of intellectual development to 

that ^ijT^wiilch they are normally assimilated, but which uses the methods 

appropriate to .this priot stage _Cp» 109)* He then argues that by uaing 

adequate itystho^s of pref iguration, it is ^possibl^ not only to prepare 

for the ne^t stage of development, but to accelerate development toward ' 

^the new ^age* 

Sikh, prefiguration can-be "accomplished by creating gen^ative 
models which have the following properties; ^ ' 

(1) If with a limited number of elements and ryles for their 
combination, it can correctly represent an unlimited number of 
different situations; 

(2) It must be heuristic* It must lead to splutions which tnuat be. 
valid for the original as a result \>f the genuine^Usomorphlsm 
between the two realities involved (i»e,^ the model and the 
original). , * . ^ ' ■ > 

(3) ^ It ^ust be capable of self""repr<3duct'ion, in that its 
/ipagft^^'concept coding^ is suffic^fen^ly general for it to be able to 
^.suggfest new models <p» ilO)» 



good example of ^uch a model i& the tree cUagram used in 
combih^torial analysis J ^d probability theory* Fischb^in then refers to 
a study (reported in' Ai)pendix IV) on^ the extent to wiiiVh children's : 
adsimilation of tree diagrams could accelerate their acquisition of 

• * ' ' ' ' ' ^ 

combinatorial operations* At all ages they got spectaftular results- In 
fact^ fhey. found that even at'the^l^vel of formal operations* 
combinatorial techniques were not spontaneously acquire^J* Instruction 

wsis necessary (p* 115) * 

* y ' ■ ' 

" Chapter VIII*% Summary and Conclusions * This* too. Is an excellent 
chapter* The summaiiy starts by examining the notions^ of chance* 
relative frequency, estimation io£ odds, effe^a^ of Instruction, and ' 
combinatorial operations for three developmental levels of reasoning: 
pre-^-operational, concrete operations, and formal operations* Fi^hbein 
then concludes that; 

(1) Intuitions are cognitive components of intelligent behaviour 
which are adapted, in their function and properties, to ensure the 
efficiency of behaviour* They are stable, structural schemas whi^h 
select, Assimilate and store everything in the experience of the 
individual which has been f ^und to enhance rapidit}^, adaptability^ 
and efficiency of action* (p* 125) 

(2) In the contemporary World, scientific education cannot be 
profftably reduced to a univocalj/determinilstic interpretation of 
events* An efficient scientif ic/cul|ure calls for edocation in 
statistical and probabilistic thinking* Probabilistic intuitions 
do not develop spontaneously, except within very narrow limits* 
The understanding, i^erpretation, evaluations and prediction of 
probabil^istic phenopma cannot be entrusted to primary intuitions 
which have 'been neglected, forgotten, and abandoned In a. 
rudimentary state of 'development under the pressure of operational 
schemas which cannot articulate with them* 

- ' But in order for this requirement of an efficient scientific 
culture to be met, it is necessary to train, f rom ^arly childhood, 
the complex intuitive l^ase relevant to* probabilistic thinking^ in 
this way a genuine and constructive balance between the possible 
and the determlne'd can be achieved* (p^ 131) / ' 



^3) In order to be effective,, the teaching of a sub*ject should b^ 

ece^ed by a survey of the intuitive ground, just as the 
construction of a building Is preceded by a survey of the Mature - 
and potential resistance of the ground oa which it is proposed to 
build it* (P^ V39) . / 
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Chapter VIII is then fplloWed the complete reprints of the. 



tepotlG of four related an3 well-done studies which support,' the overall 

thesls^of ,t,he booR^ These studies are: ^ ' : ^ 

*■ Appendix I Flschbeln^ E», . Barba|^\I» ; & Mlnaat, I* (1971). 

Primary ^d second^r^^ intuitions in the Introduction 
, of probabljitj;. ■* ^gcaHohal gJiudJei^ in Mathematics , 
t 4, 264-280; ■ ' " ' ■■ - ' ■ . . ' 7 ~ 



Appendix II Fischbeln, ; , Panipu> I., Minzat, 1\ (1967). The 
child's* Intuition of ^probability* Enf apce , 2^. ■ 
193*206/ : ' , 



; Appedrilx III Flschbeln, E., Pampu, I<, 5 Mlnzat, I. (1970)/ 
\ Comparison of. rations and the chance concept In 

\ -- i-,- children, ChjCd Development , 41^, 377^389/ 

' - ■ , ' i 

Appendix IV fischbeln, E., Pampu, I., 5 Mlnzat, I, (1970). 

'Effects of age apd Instruction on combinatory ^ : 
s ability In chll^lfem The British- Journal of ' 
^ Educatldnal Psychblogy , 40 , Part 3. 

/ 

Final General^Comroents - . - . - 

This Is an excellent but; not totally coherent bookj, ^ It Is a ■ 

collection of chapters wlth^soroe, but not. enoagh, continuity between the 

* * ■ , ■ ■ * 

different parts, A large pjg.oportion of the work. Ife an extehslve revl^ 
of several literatures. The Important core of the booki^is Chapter II, 

The audience for tbe book Is developmental psychologists (not 
mathematicians or mathematics educators)* For example, Flftchbeln 
.provides lengthy discussions of the probabilistic s^ttl^gs which could 
have been omitted for mathematicians. He expects the reader to be 
thoroughlyiOersed -with b9th the conceptual frameworks ^and' methodology of 
European developmental r^esearch aad assumes the.reader^s will be familiar 
with that tradition. Unfortunately^ for these reasong American readers 
are likely to find^'itr^g^dif flcult t>ook to read* f 

Nevertheless, Flschbeln has a lot to say, particularly to today's 
.researchers interested In the relationship between cg^itlve processing 
and' Instruction* ■ . ^ ^ 

Reference 
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1,^ Putfpose 



by RANDALX 1/ CHARL^^l^S-' 



The purpose of this study was to examine the degree to which tl^e 
match in textbook-test content varies as a function of how a teacher 
uses the book* 



2* Rationale 



In a content analysis of textbooks and tests or fourth-gr&de _ ■ 
mathematics (Freeman* Kuhs, Porter, Flod^, Schmidt, ^ Schwille, li983), 
the authors found that the^match between the content covered by tejxts 
*and^ the content on standardised tests was better for some textbool^-test 
pairs than fox ot;hers»\In other words, a student J s opportunity tcj 
learn^tested content varied according to the text used* Subsequei^t ' 
case studies -by the authors found five different styles of textbqpk 
use* Since .teachers, t^e texts in different ways, the authors conjectured 
that a-student's opportunity to learn tested material might also vary 
according to the tea<;Jier's ^tyXe of using the text* i 



3* Research Design and Procedures 



The authors identified five styles of text usage from year*-lohg 
case studies of sev&n elementary school teachers (grade levels are 
not reported*) ■ ' - . ^/ I 

' I* Textbook bound* Here the teacher woijld $tarC the school wear 

^ — \ . r ^ - 1 

»on page one -and progress page-by^page, through the book over * 
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the course of the year- ' * j f . 

2. SelecftiVe omission * The teach^' progresses lesson-byplesson 
with this approach but completely ^omlts ^ome chapters^ most 
typicaljy geomejHry, advanced work with fractions, and topics 

/ , ■ ' ' , , » . i 

, they believe will, be_emphasized in later grades decimals), 

4, The*basic3 with ^d without measurement . Here the teacher ^ 

'" ' , " ' ' , ^ \ * ' ■ f I 

llntroduces., students cShly to the content he or she b^lljeV^s' 

be the %asice," The **basics*' for this study included a review 

of add>tdon And. subtraction, introduction or refinement of sKiUs 

for multiplication , and divisionVand introductory work with 

fr^tions* " 3ome. teachers included measurement among-the basics* 

5» Manageni^EVlB^/.oMectives. (MBO ) > The content delivered with this 
approacn^ ^^i;determined by^ a ^Ix'^t that correlates specific 

. textbook exercises Vith specific instructional objectives. 



Twenty-three objectives^or the fourth-grade matheinati<^&p<ograin 
were identified for this study by e^^mining a particular scbool 



dl^ttJlct^s objectives* These objectives reflected minimum 
competencies 'in mathematics* 



fourth-grade t^ext was used in this study [Holt School Mathe- 
matics (Nj^chols, Anderson, Dwight,* l^lournoy, Kalin, Schluep, & Simon, 
1978)1, and 'five standardized tests'of fourth-grade mathematics were 
selected for analysis;' (a) Comprehensive Test of Basic Skills 
^CTES-I & CTBS-II)I, Ubvel I/Grades 2*5-4*9 and tev^l II/Grades 4,5-6-9, 
McGraw-Hill, 1976; (b> lowa Test of Ba^sic Skill's , Level lO/Grade 4; 
Houghton Mlf f lin, /l978; Metropolitan Achievfflnent Test^ , Elementary 
Ievel;|3rades 3»5-fi-9, Harpourt Brace Jovanovich, 1978; and thfe Stanford 
Achievement Test ,j Intermediate Level/Grades 4*5r5*6, Harcourt Brace . 
Jovanovich^ 1973j ^ ^ . ' 

A three-dimensional taxonomy of elementary ^chool' mathematics 
was used to analp^ze the^^ontent of the text and' the five tests (Kuhs^ 
Schmidt^ Porter, Floden," Freeman, h Schwille, 1979)* All interrater 
correlation coefficients were ^greater than »94» ^ 
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.Two measures of Vltistructlonal validity" aijd one measure of 
^"Instructional focus" were defined and caloulated for each pairing ■ * 

of textbook usage style and standardlz^^!^ t«st* Instructional validit^r,^ 
^ is a^asure of the "opportunity to learn'^ the contea^ of ^.the tests* ^ 
The -measure Is the percetTt of Items on a "test that vouid be covered^ ^ 
with a pajrtlcular style 6r"text.use. Ii^structlonal validity was , , 
calculated at two l"evels^ content covered (at le^st 3 Items In the 
text) and content empfvadlzed (at least -20 Items l^^ifhe*.ti:ext)'i 
Instructional focus, refltcts the relative emphasi.^ thaty^oplcs included , 
on a test receive In Instruction. The measure is the percent of text- 
book problems covered l)y the particular method that are represented by 
the Items on the test* . . ' . 

> 

, 4' Findings * 

<a) Both measures of Instructional validity were far lower for the 
MBO approach than- any o^f ^he other 'styles of text use. 

(b) The selective omlsai^ and basics with measurement approaches 
had almost thef same; and* the highest lns,tructlonal validlty^- 
for content coverage and the basics with measurement approach 
had the hlglTest valldltjj^ for content emphaslzedj^l^ * 

(c) Ft>r three of the tests (CTBS-I, lowar" Stanford) , Instructional 
validity was not generally affected by the other foyr styles 

o£ text use (excluding ^&0) » Kor two of the t^ts, instruction- 
al varidity was affected by the style of text use* 

(d) The MBO approach devofes' the highest proportion of Instructional 
tlm^to test;.ed content across all flve'tests .(l*e.j instruc- 
tional focus)- Approximately one to* two full lessons of 
additional practice was provided oh each topic with the MBO 
approach. ■ * 

(e) The .other four styles of tekt^ use did not differ significantly 
in the level of Instructional focus* ^ - 
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5* Interpretations ^ ' , \* ^ j . , 

,(a) ^ "Althdugh the MBO system provides greater depth /of coverage 
^ of the test topics it'consid^rs, it is clearly inferior to 
the other four, styles of textbor»k use in the ma|tch*it.provld^ 
in content taughf and contetit tes'ted" (p, 268)] "To the;^ 



^exteht ■ that t the clistr'ict is. concerned about perfonaance^o^n 
standardised tests of achievement, .steps must be taken to * 



ensure that all students receiv^e instruction in mathematics 
beyond the-* curriculum defined by mi'numum competency objectives" 
. (p. 269)/ ^ 
(h) ' ''For some, but «not all, standardized tests o^ achievement, the 
^ ^ .match in content taugKt and content tested will vary across 
the ^ot her four styles of textbook use consid^ered in this 
investigation**^ (p, 268). , ^ jf ' ' ^ * ' 

Abstractor's Comments ' j 

The authors of this study should be ct>ffoended for addressing 
interesting and import:antWesearch question* Tea<^qers should know ^ 
that the^way in which they use their mathematics t^xt may affect a 
student's opp^jrtunity.^^, leatn the variety of ^ontfent included- Jn " - 
"schooi mathematics 'pr^g^^ .^n^^ia^ aff ecf a student's performance on^ 
a standardized test of achievement. However* beyond this statement, 
it is difficult to dfaw any conclusions from this' research xeport , ' # 



Because of the^ limitations of this Research, the>authors even' note 



tjlat. the -/lata summarjlzed ,in thfslrepoft should bjC viewed"as "illustra* 
tive, rather than definitive evidence, of varlatiion in the level o£*^^^* 
instVuctipnal validity of test<s-^that may result^from dif f er^entes in^ 
%0w a tex^^pok is u^ed" (p; Three of the im^ort^^ limitations ^ 

of this-'Study .are iihat only oriciVifext-^s used, one gra^^^evfel was ' 
examined, and "definitions of instructional validit^iJiftPrV based- 6h . ^ 
arbitrary staifdar^s for describing, the content of instruction" (p*^268) 



* * * 

In addition to^ ^j^ese limitations^ five specific styles of textbook 

xJis^ were used to select content domains' and these^-^ypes ^may not ^ ^ 

'generalize to all ' teachers* ^or ^Itample, many teachers 1^ work with use 

a^ **selective omission" approach wher^ specific lessons arfe gmitted, not 

always "or only entire ahaptei:s afe /Ut this study. Many textbooks contain 

' ' " ■ )h "^o-/ ) ■ . . ^ - ^ 

op'tloi^ AJLessons and even cmtlonal chapters tq^^as^ist ^teachers in making 

"decisions about which content may oe omittedV ^^'Axso, the authors' ^ 

definition of an MBQ system, must be cons^aderep when interpretlx^'whaf 

appears to be fairly defini^ve conclus±9ns abouf, the tailings ol,^ 

minimum competency programs. J ■ ^ " - 



s 

7* 



The authors' conclusions seem rather \atrong considering th^ design 
of "this study, The fact that the five Instructional approaches used 
i^ this study came^from case studies of ^m^se^n teachers should be 
considered when assessing the generalipbilityvp^ theses approaches'* 
A final concern 1 have about the' design of this study is the content 
, analysis taxonomy Os^ed for the texts and tjests* There are some cells 
" In the taxopomy tfhat ^ cannot interpret. For example, what kind of 
problem*??ould "be in the plac6 ^valiiet-geome^iry cell?* A different scheme 
tfor ^c^tego^izin^- the "content of t^xtsf, and tests may produce quite ^ 
different ^firtdings from tho^^ r^j>ort^ in"* this reSeard^fi./ ^ 



^ In- spite of my concerns,, albout this particular study, this invest- > 
. igation can serve as a <fetajr.ting point^ for mor^e d^finitivfe research 
Concerning the £ypes of ^%:ont^nt decisions (eachers make relative to 
their textbook, how and why ^they make these flfecl^ons, and^at the" ^ 
effects of ^ these, decisions are on sti^deiit>s' understandlng/and niastery 
'jbf mathematics*. f ^( \: 



^ " References . , 

• . ■• 

Freeman, D» J»,-kuhs,/^f M>;. Porjter,, 4* *C» , Floden, . R» E» , Schmidt, 
w/h»^& SchwJ.lle, J.'^ R.'; (1983) » Do 'text;^oks and te^^ define 
' /a niflftlonal curriculum, in -elementary school iaathet^^atics » * 
XEj^htary School Jburgal , 8:^1 *501n5l3,'" ^ /- - / 

Kiihs, Tt M», 5cjinldti W- HV, Porter, A» <k^, Floden, /R» E/, Freeman, 
D. J;^ & Schwllle, J» .R. (ip7?)\ A taxojiomy for" classifying 
elementary school mathematlc'^ content (ResearchySorles Wo. 4 ) 
J East Lansing, HI: ,Institute for Rese^ixh* Qft/.lJi^chlngV Michigan 
State University.- ' ■ ■'■ ^ / . 

\ Nichols, E. D., Anderson; P. A., Dwi^ht^ L»,A/, Fiourttpy, F.,icaiWn/ 

R,, Schluep; J.,''& Simon, L. (1978). Holt .SfitipoX Mathem^tli^s ^ /- 
New York! HoltV .Kinehart & Wins top. 

/ . ^' . ' ^ ■ 




i 



23 



Schaltz^JCar^ >; and Austin, Joe Dan. uDJRECTlONAL JBFFECTS^Ss^TR^J^ 
F0RMA;P16n tasks*. Joiirnal for Research In Mathematics Educations: 
95-l(Jf; March 1983^" ' , 

^Abstract and c^pinments prepare^for »I.M.E. by j£)HN G. IIARVEY, University ^ 
ofn Wlsconsln-Madlspn* , ^ 

1 . Purpose # ^ . ; ^ ^ r ■ t 

T?hls study determined tfle effeCJt o/^dlrectlon of movement on the 
, difficulty of%lide, ; flip, and turn transformailori tasfts^ for first-, 
third**, an^ fifth-gtade students. Because the talks were* spatial 
visualization tasks, sex-related performance differences were invest- 
Igat^; ^ / . 7 ^ * , 

2. R jglonale " , , , ^ . * * 

Content from trjansfortnatlon^geometrj; Is Included in some mathematics 
textbooks, tests, and researt!h td^ks* The direction In which 'the 
trartsformed object Is moved m^y affect chlldrens' underatatidlngs XSchultz, 
*1978). , This finding provided '>thp Impetus for the study of . the effect 
""of the direction of movement on performance*** ' ' 



It Is unclear whether th^re ar^ sex-related differences In per^or^Hiance 
on spatial visualization tasks* The'' available, conflicting evidence ^ 
motivated the search for sex-related dlfferefnces. ^ * . 

3*- Research Design atid Procedures (, • . ^ ^*t***^* 

The subjects were all b'ut 26 of. the 131 f^^rst-, ^^^iTd** an^ fifths ; 
[grade studenjis enrolled In, a metropolitan Atlanta (Georgia) school. 
Thirty subjects (13 female, 17 male) werje In first grtade; 35 subjects 
(18 female, 17 m^le]f. In thtr^^.grade; and 40 subjects (23 fema.le, 17 
male), in fifth gra<ie» ^The 'tie^ichers ^In thff schpol .Indicated that these 
sjtudents .had received no formal Instruction In transformation geometry* 



Twenty-six studants; (18* in first ^ade;, 7 in third gradej 1 in fi^th 
grade) were Excluded because they wet:e unable to complete successfully 
' an tniti^l task: copying a fixed object in several difrerent orienta-^ 

tions*-^ ' ^" \\ - 3 " . ■ ' 



% 'The niW^rials^ used wer^e- twci S^cm ^guare sheets of VlBxiglacs ^d 
t * s * - ^ * ' . ^ ' ^ ■ '\ * j^' ?v . * ^ ji » 

two set? o£ saj.lbo9t -p^ces (i*e.^ hull and sailX* One/set; piecje^ 

was*gl\ied btito one pf tne Plexigl^s- sheets ta fOTm the^s^dR^ of -a/ 

' . ' ^. i J ^ ! ' - t * * ^c^" ■ ^ ' ■ 

sailboat; ' ' ' ■ ' /' ■ * 



^' 4 " ' V ■ ? ^ - . 

ach task consi^st!§<J tif the ititerviewer ;.(a) placing t^he sailboat-. 

. / » ' ' * ' ' • ^ * '^^^ 

attached Plexigla/'aneetf with the other (clear) Plexdgla^ sheet a.top it 

in front" of the ^ubject^^'^fb) as the„^ifbjec4: wat<^hed, tx^mis'S^mlng the 

clear sheet j^usin^^a,'6lia*t flip, or turn and a moveme^nt; (c)^ asking tJie 

Subject to |)laci€t^^^tJie*^n^ttac^fed''saiIboat pjl'eces on- th^ "olear sheets to 

show the i;ei5ultt,jDn*t4i^ sailboat, of the trans format iotit^ -and (d) 

recordinff^(:t)ec.Vu|^etft's-'plac^^nt\pf the plecek-^ €6t>jeet^ were not 

told wheth^^hi^r^pj.a^><&fen£^d^ o th.e*sailboa*t -pieces were corr-eet 
V ■ -T-' ' -V^u ''^^ ' ' J ^ * ' ' . * ♦ . , 

Fif t^ia^jj^^^S;*(^*t*aJis^(^^ were prfesented,to^ 

edch su^^^^^ jivij^^t^' ^iirsd-^^fo Sp^mlnute^ individual, int?erview^ session*, 
The fiv4 dir^^en^^yey^^ f^orizontal-lef t (HL)^-^" 

vertical-7tip*V^>^'**M'^*o^ ^nd .^iagonaf-up-left (DUL>. 

The respofise* £p;^each*ta#^ A scpr^j. 

of 0, 1, or ,2 ijai' dftlf&^a* to^W 

pie<tf; thes€L*i^fc? w^i^^^uinitied*^ t6!bVtaiii the score ^or*^ that, l:dsk. 

The score givea ^ ^Mte ^lic^6nft^Sfc!^vPA^ as* fpIT^ws : , ^(a), a ? 



Score of 2y if th^ipi^Ki&^wS's -Ji^^'^^^^ JoCa^t^d ^d? corr#iitly 

oriented; (b) a^ scot^^^-^l^\jJf^tlie gi^eqe ^^as correctly Ijs^OTte^ or 
correctly orient;edv,,^ind^'(c^i^a scor^ x>f 0', ±t]St)ie piece'^as neither 
correctly located nor torr^ectily oriented- ^ ♦ "1;^-; 



JViyof thia^ responses of 12 randopily ^6*lecte4 subjetffs wete^,' scorfeS 
, »both by'^r^^e of thg investigators aod. a i^nlversity faculty raember^^^^ 
* Qtherwi^e involved in the ^tttdy^ The^correleation coef ficiep^of thefee 
independently- de^erraih^^ scor^ Vas* 1 100» ^"^"^^^ ^ A- . . 



The^lask response score3 w^'t^ suriSned ^crpse type of^ransformation 

'and ^across all of t'he-.tasks -to proiitice three subscor^s..and^ tdtal 
. . * ' - - \ , ^ ; 

V •'scor_e» ^ Coief Elcient alph^ interna]^ consistency reliability estimates 

,^eve computed,- by grade* for each subscote and the total scores With 

* one exception, the reilabilit;f es were gi*eatet. than 0*66; thfi'first- ' 

,^rade flip subscoire reliability was 0*11/ ■ - * SP-* 

A repeated^^measures ANOVA, *w^s used to analyse the daxa. ^^cH ^ 
■response of eacih subject waS ueed as^data point. Tfife 15 measures * 
wer« classified using tjjjo factors: "type 'of .transformation and directiaff* 
of movemet^t. Grade and , sex were grouping Variables.' When the AHOVA ^ 
indicated there were significaKt .interact^ns, ^the -Bonferrqai t-te3t 
^ wa^ useS ^o'epcamin^ furthejr* the interactions between t^^ variables'. 

4/ - Findings . ^ » ^ , , ^ - " 

■ TJiere were ^signif iqant dlf fei;ence.s' in pe^^formanee between grada-^^ 
levels - 10.55, ^<*001ij (tf ^ 2), types of transformagsfions (P = 
^ 139.?15, p<.001, df ^ 2),* and dirtection of movement (F = 48,08, " 
, p<^»0Ol, df ^ 4)»;'%herg:-were iiffrsifatistiQally significant sex-related*, ' 
' effects* In- general, mfean peij^cmance improved as the grade level - 
increa^d, was highest on slid«^tasks, and was lowest on tura- tasjcs. , 

There was n<> clearcut trend in the direction of jnpvement data across. . * 

* U ^ - ' ■* 

grades and transformation tasks, but in general, mean performance was 

highest on either tbe horizontal or vertical movement Casks an^ lowest 

on' the diagonal .movement tasks. * . . ^ ^ ' o 



Of greater interest were ^the three slgciificfent interactions between . 
the Variables- One was the interaction. between the type of transformatlp 
and gTade level (T x G) (F « 3.O0, p< .05, df = 4) ; a second, the inter- 
action between type o^ t^nsformation and direction of movement (T x D) 
(F = 46»83, p< »001, df = &Jsatid the third, the Interaction .between 
direction of movement, grade level, ^and sex (D x G x S). (F «^ 3,20, 
p < »01> df ^ 8)* The result of the Bonferroni comparisons of the T x G 
and T X D interactions^ate reported in fables 1 and 2* 



■ /■ 



* * Tabic 1 
Bonferroni Comparisons iot 
Traoiformaiioii-Type-fev' Grade (nrcrjiciJon 



Grade t: , Slide Flip Turn 

tJrad* 3: Slide Flip ^ Turn ^ 

Grille S\ ■ Slide Fli|i^ Turn 

Slid^. . Grade 5 Grade 3 ' . Grade! 

Flip^ Grade 5 . Qfk6c 3 , . Gr^de \ 



Turn: Grade 5 - . Gtade 3 ^r^^* 1^ ' 

(Sc^ultz & Austirf, 1983, p, 100) 



Bonferroni Comparisons for ^ " ■ ; V ^ 
^Tran^ for mjtiun*Ty pc-bx-P irectjon \ n ler actiori ' 



SUde: 
flip; 
Turn; 


H-L 


bU'L 


V-U 


D-UH 


, - H'R 










D-U-R 


D U'L" . 






H-R ^ 


\ D'U'R 


H-L: 


Slide 


' tr 

Flip 


Turn 






DU-L) 


Slide ^ 


Turn 


Fttp 




* 


V'U: ■ ' 


Slide 


Hip 


Tj^rn 








5ltde . 


\ Turn " ' 


Ftip 








Slide 


Flip 


Turn 







(Schultf & Austia,. 1983, p. iOO) 
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Analysis of^airiance of the D x G x^S interaction -by grade showed ^ 
that the dire.ction of: movement by sex. interaction was significant (F ■ " 
4»43; p < -01; df = 4) .at Grade 1; this significant interaction appeafred 
tb be due to higher performance t?y boys on VU tasks and by girls on HR^*-^ 



and HL tasks. Bonferroni comparisons indicated that these sex-related , 
differences on VU, HR, and HL were not. statistically significant, ^^^^ 

5- Interpretations i ■ ' , 

i 

The investigators concluded that their results support the following 
conclusions; ' 

. . . ■ i 
1* The scorer reliability and internal consistency estimates for 

the three fsubseales and the test were high enough '*to warrant 

further use and study of- this evaluation procedure" (Pv 98); 



2* The type of transformation by direction of mvement interaction 
* s^ggested .that the direction of^ movement affected student 
performance. This effect was particularly evident for diagonal 
transf ormat ions** ^ * \ ^ 

3^* * The easiest traifsformations,for students *tQ visualize seemed to 
be slides* Direction of movement influences the difficulty of 
flip and Jturn transformations » , 

4» There were no significant sex-related differences* - The D x G x S 
interaction seemed iue to differences in first-grade perfi^^ance. 
Since the first-grade flip, score data had a low reliability 
(i,e*, 0,11), this three-way interaction would need replication 
*to make possible a clearer understanding of this result* 



Abstractor's Commaits 

'* ' ' 1' * 

This is a well-planned, well-execftited *tudy of elementary school 
students' perfoni|ance on transformation geometry tasks. It clearly 
shows, for the students^examinefd, that the direction In which an object 
Is moved during a transformation must be considered as well as whether 
the task Is a slide, flip, or tunl» , Like most Studies, the conclusion 
could be doubted if one engaged In *Vhat i£*\ For example, what if 
the object used had not been a sailboat or what If the student had been 
permitted to manipulate one or both sheets of Plexlglas Instead placing 
the sailboat pieces on the transformed, clear Plexlglas sheet? In 
the first Instance, It can be argued that a sailboat of the kind used * 
Is a common object Id the child's envlronmait and that the two pieces 
are very dissimilar from each other and so were [irobably not confused 
with each other by the subjects* In the. second Instance, it Is posslbt 
that performance would have been higher had children been permitted to 
move the clear Plexlglas sheet (e»g*, to return Xt to its original , 
position atop the other sheet and then, to repeat the transfot^mation 
-loade by the interviewer)** However, it would have been difficult to 
define clearly to Subjects what th^y were and were not peimltted to do 
and^so fco^obtaln "valid data had they beoi^ permit ted to manipulate one 
or both of the Plexlglas sheets* In addition, it is difficult to -. 
believe that, evsa^f perfonaatice did Improve, the impprtant' outcomes 
(cf *, "Findingsi*-) would have been altered* 




Therefore, there is little to criticize about this studj^* The 
following questions should be raised in connection wl$h it, 

^ - - * 

4, This is a status study of students' performance* As the authors 
t>olnt -out, ah Important next step would ,be to Investigate the 
effect of Instruction on that performance* 
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2» If students are permitted to manipulate one' or both of the 
Plexiglas sheets, is performance affected? In particular, do 
the significant differences between grade-level, type of trans'- 
formation, and direction of movement perfortnance and the 
significant type of task by direction of movement interaction' 
still occur? , 

3*. Are the subjects in thi^ study typical *of elementary school 

students elsewhere? The authors did not characterize them well 
enough to tell. ^ 

4» Were .there stattis .variables ^(hfclT should have been measured and 
u^ed in the ari^lyses of the data,?^-;in particular, are there 
, differences in performance between' students 6f^ differing 
mathematical achievement? 



6. 



Why are there such noticeable differences betw^n the vertical/ 
horizontal movement tasks and the diagonal movement ones? 

What algorithms, if any, are students using determine the ' 
effect of the transformation on the object? 



Refere^e 



Schultz, K» A» (1978) » Variables inf luencing the difficulty of rigid 
transformations dui;ing the transition between the concrete and 
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& D, B» Mi^rkiewicz (Eds^), - Recent research g&nceminfi the develop- 
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Nagy, Philip ^^d^Dtost, Daler^ A? COMPARISON 6? SCALING AND 
CpRREUTIONAL^AI/Ylfflts/OF PERCEPTIONS OF MATHEMATICS OBJECTIVES. 
Alberta JoUTyijl Of jaucatlorial Research 29: 180-195; September 1983^ 



Abstract and'^comments-pirepared for I.M>E. by PHILLIP HUGHES, The 
University of fasmanl^a, Hobart, Tasmania, . Australia. 



1. purpose 



4f 



The study has both methodological and si^bstantlve purposes Ih 
methodology, the purpose 1^ to Investigate the feasibility of ^ 
multl-dlinbnslonal scaling to analyse per'ceptions of* the priorltiles 
among currlcular objectives* The second purpose Is to apply that 
approach t6 a particular curriculum area, high school mathematics* 

2; Rationale 1 , 

'The study arises from the familiar ptoblem for those Involved In 
currlciiluin reform: obtaining what they see as appropriate changes In 
teaching In schools* A possible reason for this problem was seen as 
differences In perceptions on curriculum priorities between teachers 
and ,currlculum deslgners*-^ ^ * ^ ^ - J ^ 

3- Reseatrch, Design and Procedures * ^ 

Data were collected by a" {^reference questionnaire, and ^ ^ 
perceptions, of .priorities were analysed In two distinct ways: by* 
corx.elatlonal and by multl-dlmenslonal staling techniques. The 
Instrtiment was derived from nine major content areas In mathematics, 
with each area contributing tWo objectives, one at a lower level of 
cognitive skill, the other at; a higher level*. These were -used to 
develop a questionnaire* composed, of^^fll possible pairs of objectives, 
placed" ih random order,''wlth a random 3ialf ,K>f the pairs reversed* r 
Subjects were asked to indicate which, number of each pair they 
considered ttiore important* Three^roups of , teachers were asked to . 
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respond, high sAool teachers, vocational teachers, and university 
teachers. Unfortunately,* response rates vere not high, 

4, ' finding, 

^' In the analysis, results of the within and between group 
differences based on a cDi;relatlonal analysis were compared wlt;h the 
results o^ a multl^dlmenslonal scaling analysis, using the SXNDSCAL 
algorithm* The correlational analysis exhibited both commonalities 
and differences in perception but without a clear pattirn'*e»erglng. 
There was, both In this and In the scaling analysis* evidence of 
preference for higher cognitive levels* The two approaches showed 
considerable agreement; 

' Abstracto^r's tomments 



, The substantive results of the study ^<^n only be described as 
dlsappolnt^ing^ They would not, on^thelr owri^ justify the canplexlty 
of the methods'usedr *The approaches, however, have sufficient 
Atrinsic Interest to jqstify the paper. It is to be hoped that t^es 
approaches might be further developed, ' as the objective of the study 
is worthwhile everf though the specific results ar6 inconclusive* 
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Prawat, Richard 's.; Latiler, Perry E.; Byers, Joe L.; .and Anderson, 
Ariel ,L. h/ ATTITUDINAL DIFFERENCES BETWEEN STUDESTS IN.GEIJERAL- 
MATHEMATICS AND AJ-GEBRA CLASSES. Journal of Educational Research 76: 
215-220; March/Apntl 1983. . . . . - ^ 



Abstract and comments prejSared for I.M.E- by JERRY P- BECKER. 
Southern Illinois University at ^arbondale. V ' 

f , ' ; - ; " . 

1* Purpose . 1 ^ ^ - ; 

A 

The purpose of the study was to explore the differences In attitude 
that characterize students In general mathematics classes and those In 
algebra classes* ^ - . * 

c 

2» Rationale * 

4 

The' researchers explore attlt'udlnal differences using two' kinds of 
measures: one assesses some statW variables ^.g*,- self-esteem) and 
the other assesses how Individuals view the ^roup* The former v^tii^ble 
are asso'lilated with mathematics tracking in previous research!* The\ 
second kind of measure has been used'' in research showing thaj: measuijes 
of students* attitudes towards classroom environment are rel^dted^cv 
achievement* Further, the researchers assert that classroom ^'cllbiate'* 
may exert a strong lnfl^ence on Individual attitudes* In particular, 
it was t^hought by the researchers that algebra students wojuld.vley th^ 
''learning climate In much more positive terms than general math students 

3*^ Research Design and Procedures - ' 

Subjects were 209 ninth-grade student^ In 13 different general 
math and algebra sections (7 In a middle-upp^r class high school and 
6 In a lower to middle class Junior high school). . Ttie^ two sample^ 
were representative of their community populations* Subjects were 
pretested In the fall of the school year and posttest^ed In the spring 
using a battery of Individually ^i^l^tted attitudlnal measures* Testing 

■■ ■■■ ' ■;• ■ ■ ■■■■]■■- 



^took place over a two-day period In Intact classrooms- The folIS 
Instruments were used; Mathematics Attitudes, Conception's of M^the-. 
matlcs. Self-esteem, Locus of Control, and Achievement Motivation* 

A Learning Environment Inventory, measxirlng social psychologic a 
climate, was also aduilnlstered at posttesting time^ but not at 
pretesting because students had Insufficient time \o form opinions 
. about thelir .classes*? 

T . » . 

4» Findings . ' - j 

A series of analyses of variance was done on the status variabfes, 
with time of nteasurement, school, sex, and curriculum as factors^ The 
only significant main effect emerged on the measure of self-esteem 
with, not surprisingly, algebra students responding more ^positively ^ 
^ than those In general mathematics- There was no chWgeVn the group* 
aif ferences from pretest to posttest- Time of testing effects w^ire 
hugely positive for. mathematics attitudes' 3hd conceptions of mathematl 
from prete3t to posttest* ^ 4 / 

A* multivariate analysis of variance was performed on the Learning 
Environment Inventory data, with 15 climate dimensions asi depejnddit 
yarl^^bles* School, sex, and curriculum were/factors- There was a 
significant main effect on t}ie curriculum factor (general math and 
algebra) and th^re was a significant multivariate cxirrlculum x school 
interaction, Coheslveness, Diversity, apd Cllqueness were prime s - 
contributors In the Interaction* . More coheslveness wa's perceived in 
algebra classes. ^Regarding Diversity and Cllqueness, differences 

between algebra and gene;rai math students were, relatively greater In 

*- - 

the higher social economic school compared to the lower, an^ algebra 
students perceived their classes to be more diverse and cliquish than 
general math ^u^ents* Regarding the main effect for curriculum, 
unlv^rl^te significance was. reached for Apathy^ Frlatlon, Difficulty, 
Speed, Goal Direction, Coheslveness^ arid piversity- This main effect* 



Is discussed In detail W the researchers, but xJiXl not be^further 
reported here* 

5» * . In-terpretatlohs 

^^^''^^.shor^'and after ^looklng^t ^11 the data, the researchers 
-cautiously r^po^J;^that * attitudes relating ,ta the classroom llorhlng 
environment are more^aTfeot^ by currlcular manipulation than, are 
attitudes relating to self* Conc^r-ning the overall ^patteri^, of jesults 
the researchers wonder why lower-^rack fit^l^Eni^^appear s,o similar to 
liigher-tracic students In tlielr school attl^tiides anain-tivelr attitudes 
towards mathematics* The similarity^ in Individually linked a^liitades 
between both groups Is difficult to reconcile, sa^^ the researchers, 
with the divergent views of the two groups lo&gardlng classroom*^^arn-- 
Ing environment* • - , , 

Data in the- study are- absent of evidence bearing on the connection 
^between lower-track students' negative appraisal of the classro^ 
atmosphere and theli; own achievement motivation- Finally, ihf^ 
researchers comment that the best explanation.of 'the overall pattern 
of results for this study is that, lower-track studei^ts seem to 
unque3tlonably accept their fatfe, which Is not a very healthy response 

Abstractor's Comments 

This investigation was well-'planned and cettalnly reported very 
well* For example, the resulrs are* discussed at length and In detail 
and are tied In with findings' in studies done by other researchers* 
It seems as -though the researchers have a pretty good grasp of related 
research*. Data were examined from virtually all directions and all 

'the possible Interpretations of the resailts of analyses were fleshed 
out, reported, and discussed^! And what does It all boll down to? As 
the researchers comment, lowJr-^track students just seem to accept 

-their fate/ And that<isn't good* . , 



HirscHV Christian R»; Kapoir, S» F»; and Laing, Robert A» HOMEWORK 
ASSIGNMENTS, MATHSSaTICAL ABILITY, AND ACHIEVEMENT IH CALCULUS » 

Mathematics and Jcftnputer EiducatJon '17: 51-57; Wintei; 1983* 

7 ^ j . *^ ' * ^ 

^ * / * 

AbstraQt and comments prCTared for'l*M»E» by GERALD D- BRAZIER, 
Pan' American University, /Edinburgh Texas* ^ 

' / ■ / , \ 

1 * Purpose ' " 

■ ^ f ' ^ 

Thii^ap^ investigates the effect tjiat the structure of homework 



assignments has on aeMeyeraent in a college calculus course* * In 
particular,* the 'Mistril^uiiW-pattern*' of making assignments is 
compared to the more ^taneJard- patternT^' 

2> Rat:ionale 




In the distributive pattern, daily review of past topics is 
"■Incorpo rated into the homework assignment schedule. the* authors, 
point^outr^yig^ef fectiveness of distributive assignments has been well 
established (everTijy^-the authors!) in maijy settings, but no' published 
researcb exists l^sed *on a' coile_^e^alculusj' setting. 




3, Research Design and Procedures 

The students in t^o intact sections of . first-semester calculus^ere^ 
the participants in the ^tudy* Items tgkep. from the ^Cooperative 
Mathematics Tests (ETS), on Algebra II, Algebra III, and Analytic 
Geometry were used as a meas^ure of pre-calculus competence. Each 
of the sections was taught by the same instructor with the same content 
and using the same lecture-discussion method* Assignments were wade 
daily, consisting of 8-lQ exercises with about half of th^em having^- 
an^Hers available to the sjiudents* These assignments were collected 
about twice a week and selected exercises were graded. What differed 
between the sections were the actual exercises assigned* For the^ 
control group, the assigned/ exercises were related only to -the topic 



"Covered that day- *^or the experlmential group, half of. the exercises 
for a unit (except ferr the first and last days) were directly related 
to' that day*s topic and the rest w^fe* related to previously taught 
topics of that unit* . ^ 

An InvestlgStor-^constructed test was given at the end of %ach'of ^ ^ 
the four units. ^During the last week an unannounced compr aliens IVe 
test consisting of sat^ected Items from (boperatlve Mathematics Tests 
(ETS) on Calculus; Earts I'and II, and Vervoort:*s Calculus Test was 
administered* ■ u 

k. Findings . i ' 

; Achievement data^jrere analyzed using a linear regression model with 
analyslS' of covarlanc^. The, p^r^-calcuUus' achievement test was the 
covarlate foi: each of the five analyses <f6ur unit tests, and the 
comprehensive test)* For Test 3 and the comprehensive test, 
homogeneity of regression vas^^atlsfled, but the analysis of covarlance 
did not show a significant difference between Che control and experl- . 
ment'al--grbups on" the adjusted means* For Tes^s 1, 2, and 4, the slopes 
^f the regression lines WQre significantly different. Indicating a 
"significant ,(p ^»03) Interaction between pre-calculus 'achievement 'and 
the treatment* In eaeh^^f^§e three cases, the regression line for 
the control group rose more sharply than for-^he experimental group* 

^» J Interpretations " 

The authors po^Lnt out that the significant lnt;eractlon between pre- 
test anct^treatment fits the classic ATI pattern In which ^a certain 
kind of Instruic^tlQn **level5 but*V the effect of an aptitude or back- 
ground, on achleveTBentT^^In^ucH^a situation, the weaker student Is 
helped by the speclalyirf^tructloh--whlle the^stronger student gains 
more benefit from the standard approach* The^^results of the study 



point clearly to the potential benefit of ,a distributive pattern of 
homework assignments for the average or .below- average student. 

Abstractor's Comments ^v' 

*' ' 

t * 

The study is technically quite good* The problem i3 well-defined - 
and related to previous research* The design and experimental 
procedures are acceptable and the dal^ analysis^^llows the recommendecl 
pattern for ATI studies* ' - " 

There are no theoretical issues raised by the study and ther^e 'isr"^^ 
no reason to bej-ieve a priori that the effectiveness of distribiitive . 
pattern .homework assignments would be different for a calculus setting* 
This- is ,not a critlcism*of the study, because extension of results to 



different settings is an important contribution. to mathematics 



education* Wh^t ;Ls trije, however^ is ttiat the study breaks no new 
ground and does not provoke interesting ijuestions^ at least for me. 



The only difficulty I founfl in reading the study was a lack of 
detail on the implementation of a distributive assignmefnt patt^e?:n~ 
how to spread out the exercises, etc. Thefe is ample literature 
referred to by the authors that- su|>pjies that information for anyone 
interested in replication or simply -employing the technique in their 
own teaching* ' * ; . * 



In summary, the study, though small in scope and significance, 
^^is very well do1ie and contributes to our knowledge — if only more 
published research could say^ the same. 
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Mclntyre, D» >John; Copenhaver, Ron W^; Byrd, David M»; and Norrls, 
William R» A'^STUDff OF iskGAGEb STUDENT BEHAVIOR WITHIN CUSSROOM 
ACTIVITIES DURINqpATHEMATICS CLASS » Journal of Educational Research 
77; 55-59; September /October 1983* 

Abstract and pommegTs prepared for I.M.E^-by MARILYN N» SUYDAM and* 
doctoral students* The Ohio State University* 



1 * PurposTe ^ , * , 

The purpose was to examine student engaged and non-engaged behaviors 
In mathematics classes within various ins^uctlonal activities In/ 
Qrder to ascertain the activities In which students^xhlblt the/most 
engaged behaviors* Fou^ research questions were formulated:^ 

a* How do student engagement rates differ across gr^ade levels?^ 

How do student engagement rates vary for selected activities? 
c* How do student engagement rates for on-task .beliavlors vary for 
selected activities across grade levels? 

Do student engagement rates fluctuate through the week? 

^ '" "* " . * 

2. Rstionale . ' ' - - 

' i 

Studies have demonstrated that students who remain on-task during 
Instruction have higher achlevem^t than students who aire off-task* 
btoreovei; high achievers appear to be actively ±nvolv|^d fpr more time * ^ 
than low achievers* Researchers have been urged to fekamlne other 
relationships, such as the distribution of time across* activities * 
;^The teacher could manipulate those activities and be^vlors which 
result In tnore istudent engaged time, thus poss;lbly enhancing achievement* 

3* Research Design and Procedures 



- The ^^Biple^lncluded all mathematics^ classes In grades 3, 5, and 
7. In a small midwestern school district; 10 jilass^s In gradle ^3j 12 
c^as^es In grade 5, and 7 classes In gra,d& jT* sisc si^dents from each 
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class were randomly selected; one seventh grader was omitted because 
of insuffic^nt observation data, so the study ilWblVed 17^ students, 
none pf whom was mainstTOHfied » 

^< 

The study was conducted during a six-weefe period from ^February ^ to 

i * ■ -'^ ' 1 V 

April* . Each class was observed five times, once ^ch day?^o£3^ 

school week* Teachers were^not aware of when observations wou^ QcpHr,« 

nor of the identity ^f observed students* A student was obs^rj/ed , for 

a lO^^second interval* during which the. behavior and the classroom 

activity Was recorded by\a trained observer* Thys, each student was"" - 

observed once each minute throughout the mathematics class* 



V 



An observation form, based dn earlier work by others, was develof^ed 
and utilized -to record stpdent behaviors* Engaged hjet^viors included; 



a* attending - ^ 

b* writing * . - ^ • ^ 

c . reading . *^ * ^ * ^ 

d* raising hand ^ \ * 

e* answering questions ^ " 

' f* asking questions ^ ^ , / * > 

g* talking to peer (regarding subject matte^^ Jt 
Non-engaged behavior^ includ^: Y/-> * ' 

' h» walking ' ^ , ^ , " \ 

. i» playing " , f ' * , < > 

j* talking to tfeacher {n6t regarding subject-matter) / 

k* talking to peer (not regarding subject matter). ^ 



^ 



1* waiting stalled ( 



m* non^-cooperative ^ ^ , . 

h» not attending (not paying attentiop ot listening to instruction) 
o* outside distraction (announcement over intercom, student called 

out of class, etc*) ' - , M ^ - 

^ * , * ' * ■ 

* .^^0^ 

. ' * ' ■ - ■'->-- ' 



^^^^^ 



. - r • 36. " . ■ • 

- . Observers, also recorded the classrobra activity occurring simul- 
taneoiisly.with the observed behavior: / 
a , teacherrled 
. b» seat work 
^!^^^ , ■ c, small group 

^ d* organizational activities^^(taking roll, announcements, et<^> 
e. activities;^other than mathematics that occurred during, the 
schedules class time Oreading a library book,'^studying another 
subject, iBtc») ^ ' ^ 

The basic unit of analysis, student engagement rate, was "defined 
as the percentage resulting from dividing^^tudent on-task time by 
time allocates for mathematics* 



4. Findings ' , * ^ 

/ 

^There was a slight decline in engagement rate from grades 3 to 5 
to 7» Allocated time (47, 43, and 42 minutes, respectively) dropped 
by five rainutes^ or 11% between^grades 34nd 7, while student on^task 
' behaviors^dropped by almost 6 minutes ('36v^2»^22t»25, 30»66 minutes) 
or 15%. With lessmu^o'cated^ tjfine and students spending Tess time on , 
; task, lower rates/of engagem^^ across gr^e^levels were^^found,, (77%, 

75%, 73%), V ' - ^ / 

"it '.^ Direct teacher instruction and seat work accgiinted, fpr over B^iX of 

i ^ the allocated time* An additional 7!£*1^f^he time^^^^fevdfed tp ^ 

t ^ ^ organizational activities* ^ \ ^ . :< ^ 



* Engagement rates for teacher*^Jed activities ranged aciross grade 
levels from 79% Isi^ade Tto 77%. in grade 5' to 76% in grade 7,^ 



■ and 80%, 77-%,. and 762 for seat work* The amount of time committed to 

^ teacheir-led activities Xl5»98, 15»05,. 23»10 iiiinutes)j^d seat work * 

(56»32, 26» 23, .15*54 minutes) in grades 3 and 5 x^dsVjapproximately the 
■ , reverse of that for grade 7; however, this shift 'S^d'iiot significantly 



alter the engagement rates because on-tasiPbehavlor Dime, shifted 
(teacher-led activities - 12*69* 11*6U 17*64 minutes; seat work - ^l^y^ 
2K15, 20*21, 11*76 minutes)* - ' 

The pattern 9£ student engagement rates associated with on-t;ask _ , 
behavior appears to be quite similar for teacher-led 'and for seat 

work activities across grades 3, 5, and 7* During teacher-led 

■ ^ ^ ' I ■ . . ' 

activities, students had substantial engaganent rates; (47%, 49%, 44%) 

for attending to the teacher* Eng^geipent rates for piping (8%, 11%, 

ll%)f and reading (12%, 8%, 14%) were also similar for each grade^level* , 

Engagentent rates for asking questions and talking to peers were / 

"Almost non-6xlstend during teachers-led actlVjLtles to 3%) and lo$r^*y^>*.. 



during seat work (2% to 3%)* ^ 




The pattern of engagement rates during seat wor^ shlft€^ to ^phasis 



on writing behavior (48%, 44%, 43%), while attending rates^ dropped 



(13%,, 10%, 11%) and reading rose-slightly: (16%; 15%, 16%)* (Raising 
hand 'accounted for 5% to 6% of the behavior diirlng teacne^r^led 

Activities (0% to 3%) and low. during s^^t worir (2% to 3%)* 

for ,2% to 3% during teacher-led activities arid 0?^ during, seat work*) 



As to ofr-^task behaviors, the general category of not attending 
had the highest engagement rates id^either ,i:eacher-led activities 



(12%; 11%, 13%) or seat work (11%,. 10%, 8%) * Talklrig to a .pee^i^d 
xJa^klng around the room seem to Increase d,urlt^\s^at work, also* 
(Talk^ri^toa peer during teacher-led actlyftUes was ddne by 3%, 3%, i 
and 2%, and during' seat work by 3%* 3%, and 5%; fop walking around the 
room, the data were 0%, 3%, and 2% for teacher-led activities and 3%- 
at each level for seat work*) Students were waiting ^ or stalled 
considerable ai&ount" of time *(for teacher-led activities, 6%, 6%, 5%; 
for seat ijfork, . 2%, 5%,. 8%)< ' ^ ' . ^ . ' 



No consistent patterns in engag^nent rates were found across the 
days of the week* , The rates tend^to be ^higher Monday through T^hursday. 



In grades 3 and 5, deelijilng. on Fridays* Engagement rates In grdde 7 
* are''ln marl^ed contrast .to the ot^er two grades for Thursday and -Friday* 

While teacher-led activities and seat' work' had over 75% engagenient. rates 
l^it)f^\rades 3 and 5^ they f^ll to below 60% for grade 7 on Thursday* , Oh , 

Fridays, however, /the engagement rates for grades 3 and 5 fell to below 

75%j. while the grade:? rates rose to 95%* 



Five general findings emerged: , ' * 

1* Thie dominant classroom activity ^urlng mathematics is seat work 
in grades 3 and 5, while teacher-led activities dominate in 
grade 7» » 

^2* Attending, wrlj:iijg, and reading are the predominant engaged 

student behavior^ In mathematics classes* 
3* Percentage of waiting/stalled behavior appears to increase in 

, each, grade during seat wor^* 
4* No consistent pattern or fluctuation, was found across the days 

ci the week* : 
5* As one progresses from grades 3 through 7, ,an Increase In teacher 
led .activities and a decrease in seat work is .paralleled^by_A 
decrease :in overall engagement rate. in mathematics, classrooms* 



5* .Interpretations 



(l)s^Th^at the' dominant tlassroom activity during inatbematl<:Sj,$'s 
seat work corroborates findings In the Beginning Teacher Evaluation 
S^udy (BTES)* -Grades 3iand' 5 are^iresponslble f or seiat wo.rk being the 
-doininanit activity ^ liirgradfc 7^,^ ^eacl\er-led^ctlvltles dominate,*^ 
En^bgtement rates for ^^se two actiHflties are capslfl^tent across grade 



levelsf despite diJfSererices -In/^ctlvlty time aiid on-^task behavior- time— 



*^Jor each activity, engagement Spates were the same :(77^%); Erigagaaent 
rates ^decreased sllghtly^a^s- grade level Increas^d^ but the pattern is 



consistent -despite the^^^^^n itirnea devoted do \the two types of 
activities in grade- 7*"-- -^^"^^'^ \ . ^ , ; . _ ^ 



These findings are supported by previous research which Indicated ^ 
that teacher-led activities se^ to dominate In^.the secondary graces*. 
The BTES only examined grades 2 and 5^ and therefore (ud not detect % 
NiJjanges between' elementary and secon<tary school* Ft^ure studies .^hould 
examine this factor more closely, determining the activities that generat 
the most engaged time for elementary and secondary students in mathe^ 
matlcs classes* ' ^ ' 

" ^ (2) Dai:a. froin BTES lor grade 2 arid from this study for grade 3 
differ markedly on. the minutes allocated to mathematics, engagement rate, 
and engaged minutes, as Trell as the time spent In teacher-^led activltes 
and seajc wor)c* further study can determine if actual differences ^ 
exist* There is remarkable stjablllty^^dn the fifth gradd across both 
studies* \^ * . 

. ^ ■■ ■ '--. f ' . ■ ' 

(3) Further research is needed oaf^he relationship between teacher 
effectiveness cKaracterlstics -^iSd activities used in the classroom, 

(A) Attending appears to be the cfomlnant behavior during teacher-led 
activities, while writing is dominant during seat work* The amount of 
time devoted to reading' remains falrly^:Constanx no matter what the 
classroom activity* Future studies shpul^ investigate t,he possibility 
that a relationship between reading, ^writing, and gaiir scores in 

H . ' ^ ' 

mathematics may exist, as they do in ijeadlng studies, 

(5) The percentage for waiting /stf^led behavior seems to Increase 
in each grade level during seat work. ^ It may be that the problems 
assigned during seat worjc become progcasslvely more difficult as grade - 
level Increases, resulting in more ^wai ting for teacher asslstance- 



(6) Although the authors had conjectured that the^^gagement rate^ 
would peak on Wtednesd&y arid then decline; through Friday, thfe did not 



(7) Does i relationship actually exist between engagement rate and 
type of actlvli:y? Previous research Indicates that direct Instruction 

4 r 

is positively related to achievement, while this stiidy Implies that .as 
teacher-led activities Increase, engaged,.student time decreases. Is_ 
the decline In engagement rate a function of the grade level? That 
i^, does the approach' to Instruction .'at e^^^^^entary anfl^secondary levels 
differ enough to\affect the engagement rate? ' / 

(8) The results of this st'u4y, contribute to knowledge of what Is 
occurring In classrooms, and should p^o}£e useful In teacher training 
at both pre- and In-servlce levels. * 

/I 

^A'bstr^ctor^s Coimnents 




. [Wlien an IKE reviewer declined to review this study, with stated , ^ 
^' * reasons, I (having only skimmed the stu'dy at "that point) was puzzled 
about Ms comments. . So I Had a seminar group of doctoral students, 
analyze it. The following Is a compilation of the comments of Claire 
Cdbok, Alflnlo PloresX Carol Fry, Patrick Kent, Peter Lalrsen, Jeanette 
^^almlter, Endang Russeffendi^ -Dennis Shaw, and-Margaret Sooy.] 

When ^ study purports tol!e;tamlne student, behaviors during 

mathematics Instruction, the attention of "mathematics , educators Is' 

drawn." That aCtentlou Is hardly warranted by this study^^^ Failure to 

designate the mathematics content that was being taugKit is a serjLo^s 

omission. / The authoiis are not mathematlcs^educators; they were clearly 

not sensitive ^o the, differing demands on both teachers and students 

-effected by varyliig.^cpnteiit. . This flaw alone makes the study of little 

J ^ '. , ^ 

Value to teachers in^ general. [As the reviewer ,who declined to review 

the study stated,- ^^I would hypptheslze that the various student engage- 
ment rates d^scri;be4^in theSreport would be vastly different for 

f ' * * 

teacher-led seat work in a clads period that had beea devoted to the. 

\ ' t ^ .\ - - ^ ■ - ^ 

gui:ded discovery of an enrichment topic as opposed to a lesson dealing 
with maintenance' activities in various kinds of computation;' The fact 



that this studydld not contrbl^for the variable of content causes 
grave conceirn abour the meaning of any of the cesults^ from the , study* , 

There appear to be some^ points In favor of tTie'stiidyr It— looks at' 
actual classroo|[is> observes student behaVlorsv^^and "provides some _ ; 
descriptive Information* However, It dpes jSp within, decided limits,' 
and f alLs^ to ,address ..adequately tlje res^eafch questions' pose^» ' The \ , T 
set of student behaviors and Especially ...the set, of .(ilassroom. activit_ies- 
are so generalized as to be meai;^lngless» Whdt teacherrxed actlvltle 
or seat D^prk entail was never define^, 'There, aje many klnd^qf^ ts_acher* 
\led activities, some of which might ' be jfiore .effective in engaging the 



studentship attention than others* Seat work also comes, In mamf varieties^ 
— drill .ajjd practice, /proiblem solving, ind $q op—and these,, too, might 
have dlf ferent'engaged ratesK^3*"^wlng the p^rcent^^gas of tija^ spent on 
teacher- iBd activities or seat work will do/llttle td help /teachers 
plan more effectively so tjiat studentS--uiH^ exMbit,^val^^ 
behaviot;s< / . ' ■ ' iJ ; 

'j Moreover, there are a numbeJr of other ^iaws in the design,^procedur€s 
aVid int^pretatlons of the results^, " . ' , 

* * . , ' ■ / - V 

AddltlbnaX lnforTQatl*on about -the sample woul^d have, been helpful* 
tlie district urban, suburban, or rural?. Were ; there, district charact^^-r . 
istlcs that might have affected the results? How were tlie studeats ^ 
^ssl^ed^ to classes? What was the overall* ability and achieyeSient of 
'the students? (Were they a representative sample of an identifiable 
population?) What were the teachers llke™thelr experience, teaching 
approach^ and capability?;/^ ^ „ ' ^ ' 

3 V ' " ' ' ' \ ^ ' 

■ ^ i 

/The oVseryatlon process, was not clearly described* ^ What was the relia- ^ 
ability oS the instrument and of the observers? , How.>7elL an observer 
can ey^luate.^hat^ Is seen Is vital* A student seemingly attentive may , 
in fact be day-dre^ing; whether a student. Is 'Valtlng/stalled" appears 



clearly judgpaentfal; and talking to peer^ *'tinless the conversation can ' 
be heard, ^ could be eltlier 'prt^ or off-task, ^ 

* Furthermore,:' what Is the difference between I*not attending" and "waiting/ 
/stalled" behavior? Does "not attending" result In "waltlng/stalied"?' 
Does 'Valtln^/st^lled" Uecome "not attending"? Do the two behaviors 
iD^rge so that It Is Impossible to tell the difference? How does a 
student get. out of the waiting/stalled mode during teacher-led activities, 
since the data Indicate that stuclents do not ask questions during that 
' time? Are they Instructed to Walt until the seat work time? Again, 
more tnf^/rmatlon Is needed about the nature of the classroom activities 
/' in order to see any significance In the data. 



> ^ee any si 



* Ten seconds per observation has been used by a variety of ' observation 
schedules — but perhaps whether this Is a viable length of time should 
be questioned,.^ for some of the factors under study, the number of 
observa^lons*wa^s also far too small; tot example, to determine whether 

\ a pattern ol behavior exists for different daya of t^e week, Sne 
s observation each day Is not sufficient. One also wonders If the 

observation form was actually designed to answer the questions pose^ by 

the^ie^searchers, . 

* No Indication, beyond the use of words such as *'slgnif leant, " was given 
of whether or not differences were actually slgnl|^ant, either statls- ^, 
tlcally or educationally. Consistency In describing data fluctuations 

. Is similarly lacking/ Thus, a 3% difference Is termed "very slmllarj" 
while a^2% difference la elsewhere termed '^slgnlfl^cant * " 

* Calling attention to the higher rates of questldn-a^}d.ng, ^d /talking to 
peers durlng,seat work seems Implausible when the highest p^entage was 
3%. Other data are<slmilarly ebcaggerated ot mlslnterpreted. 



"Ciianglng percentages back to times sometimes gives a different perspectlv 
on the data. The statement "talking to one's peer and walking around 
/i^e room seem to Increase during' seat work activities" is softened by 
th^ knowledge that the Increases range from'^less than half a minute to 
^ust over a minute. Similarly, that "students were waiting/ stalled a 
^<ionslderablie amount of time" Is hard to justilfy when the percent is 
changed to actual time; that Is, to about 1 to 3 minutes* 

,The percentage reported^ for time spent on organizational activities was 
7%, but no data are given for the Individual grade levels* Presumably, 
small-group Instruction and non-mathematical activities accounted for- 
'the remaining 3% of the total time, but these a^e' not mentioned aside 
from the initial listing* ^ 

It is curious to observe that the difference between allocated time and . 
on-task behavior time is consistently about II minutes for each^grade 
level* 

There is an error in the statement of the results of the BTES study; 
if the fifth graders were allocated, 4^ minutes for mathematics and had 
a 74% engagement rafie, then they were engaged for 32*6 minutes not 35* 



ir^ eKpi 



Minutes are expressed to ti^e hundredths* place, conferring ^n unrealistic 
'level of precision on the data^« ^ , ^ - 

Why was '"waiting/stalled" Included in the t^able on off-task behaviors^ 
with a footn<^te to Indicate that it is an academic, behavior? ^ Which is ^ 
'^it? Inrterpretation of ^ome data might ch^ge based on th^ placement of 
\ this category, ^et no rationale is gl^en for its placement* 

• . ■ V .;. 

^The conclusion that the perc'eihtage of ^Waiting/stalled behavior appears 

^ *' * " * - . ' 

to Increase in each grade diitlng seat work is not supported .by. tl]ie data: 

only in grade 7 is. it higher* / - 



Alternative conjectures arise" at severa^ points in the di^scussion, Fjdr 
instance, the^ ^tat^ment is made that seat work becomes more difficult at 
higher grade levels* It could just as easily be concluded that students 
hav^ 'learne<l ^at It is ^easier to wait for the teacher to shoiw them how„^ 
to work the.problem thari^it is to attempt it themselves* 

There is lit^t^e^ conjecturing about- the variartce in engagement rates 
across the* da^s c^f the week* In particular, "the ^engagement rates of 
grade ? on Thursday ts^^ 58%> an^. Friday (94% and 9S5&>--ar& suspicious* 
What mathematics content wa& being taught in these lessons, and how. was 



it ^^iM^^au]^^^?' Were different materials Being used? Was a test Keing 



given? , Were extracurricular activities, an' assembly, or other 'outside 



factors ^ff^cting in-class behaviors? ^ ^ - 

Was the- time of/^y each lilass was. observed controlled? 

^Thfe^r^searphers appeared to b^ trying 'to convin^ce the reader of the 
significance of the research through the use of ^the words "interesting" 
an<^ "interestingly'^ ii^hen <fiscussing the results of the study* They „ 
obviously did not- dppear to be used appropriately in many places* 

t 

■Ah^' ther^ is 5 fimai^comment from the reviewer who'^declined to review 
th^ study; it. is included .as a^ general caution to writers: "The 
authors^ of thjs study telegraph what to me is the meager worth of this 
investigation when they state at least five times .in the ar ticl4^ that 
further study or^ research, is needed to determine tlie "actual effect 6lE 
various variables* They seem to be saying that,;their wqyk asks more 
questions than it .answers* If ;this' is the case, and ,1 thinic it is,, X 
f^il to see the relevance of this studyi" * 



Carpenter,, 'Thomas P. and Moser, James M. THE ACQUISITION OF ADDITION^ 
AND SUB'TOliCTION CONCEPT^ IN GRADES ONE THROUGH THREE, , Journal for 
Research In Mathema tic s Education 15: 179-202; May T984,' 

Abstract and cbftiments prepared for I.M.E.'by CHARLES E, LAMB, The 
University of - Texas at Austin* 



1 » Purpose ^ 

A primary goal of^thls research Is to describe- the major stages 
In the development of addition and subtraction concepts and skills* 
A three-*year longitudinal study of children's solutions on simple 
addition and subtraction wor4 problems provides a test of the assumption 
underlying recently proposed models of the knowledge and procedures 
underlying ^children's solutions tb simple likird problems*, . 

^, ? * ' 

"-2. Rationale "' /-^ . - 

Th0 st;udy of children's Hprk on addition and subtraction has ^1)een 
popular since the turn of the century. From these studle^, a'reasonably 
wel^-deflned -^et. o^ chlldreq'^ strategies has emjerged*- In general, 

^^^^^ ^ ^ . >r , 

children teod..,tO ^op^rat^ In a mann^ that model^s the actions or 
^elatloi\4l^?^^^?^^^b^^ 1^ 'a .problem* ^ Basic addition strategies, 
(use of fingers and objects, .counting sequences, and memorization of 
basic facts) and subtraction strategies (separation, ml^sslng .addend, 
and comparison)' are discussed. in detail* Details of proposed models 
for skill development ar'e also described. Although the study was- 
started ptlor to -the generation of these models, the dat^" do provide 
an empirical testj- of the assumptions underlying the models and ^^^^'-^^jg^^fc^ 
models provide a good conceptual framework for analyzlng/the data^^^^^ 
collected* . ^ ^ ' ' ' * 
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,3* Research Design and Procedures , ^ . i ' " 

, . "A three-year longitudinal st;ud^ w^s designed to study the proceeses 
that young children use to solve simplt^ addition and subtraction 
^ . woW problems and how tHese processes devolve" over^time* Clinical 
* ' intervi«s were uSed to collect data* Children were interviewed three 
- times'each year in.i ifSt::and secon^i grades (beginning, middle^ and end) 

and twice in the tltirdvgrade (beginning and middle)*. The study followed 
1 -pupils, from a point prior to addition ah3 subtraction instruction to 
a point foll9wlng algorithmic instructio^^ ^ 

Six basic types of problems .were chosen for the study* The 
probl^ems^'were -administered under six different ^coiTditions over ,the 
' course of the study* Conditions varied due to number size and the 
availability of manipulative .materials* Numbjer triples we,re assigned 
to problem types using a 6 x 6 Latin-square desigji*^ This gave six sets 
of problems ""for each problem condition* The problems were randomly 
assigned to students. ^ ' ' 

'The subjects were 144 first-^grade children in Madison, Wisconsin* 
All schools used a modified version of Developing Mathematical Processes 
for their curriculum* Bighty-^ight chiljiren were in the finail 'sample 
and all data are presented from this sample* Clasd^room activities 
for the period of the study are briefly outlined* 

4* Findings " 

The data indicate that children are not entirely consistent in 
choice of solution strategies* However, certain patterns did tend to 
emerge across subjects* The effect of inagnitude of numbers did hot''' 
appear to be- significant unless it caused a change in strategy choice \ 
for solution of the problem* 



' ' In terms of addition performance, the results are clearly sugge^ 
of't;^he fact that children Initially sOlve problems with a count-all 
sbr^t^gy,! then, move to countlng-on, and finally employ the use of 



numbe^ f^t^*-' There Isisomewhat less compelling evidence for a , 
^separdtlon^-of stages f< 
on from lar'g^erv^timlxer*'^ 



^separdtlon^-of stages for counting on from first number and counting 



^ ^ With regard to subtraction, children employ additive actions td 
.look 9t joln^mlsslng^addend problems. Analogous results were obtained 
for $ep;arate problems* Combine and compare problems produced ambiguous 
Tfesults. " . . ' . ^ 

Number facts (memorized) and derived number fact^ played an 
Important part In problem solution* Most children Vere >jslng number ^ 
facts In some way by. t|ie end of the study^* ■ * .r. 

* • f n ' 

Five levels of deveXoproent werct^id^otlfled:. . . ■ - -■ --"■■?*. 

(1) Level 0, - unable to solve anyr-problems ■ ' 

(2) Level' 1 - direct modeling ^ / ^ 

(3) Level 2 - transltlAar period , . / 



^(4)\^LeveI:,^3 * c6untlng strategies 
(5) Level 4 - n^ber 'tacts 



5^ Interpretattlon^ 'j^ 

'I "The c^iaraci;eri|atlon .of children's per^fonnanc^ 6^iat Is proposed 
In- this paper^s not as^ precise as ^the models developed by Briars and ^ 
Larkln (In pre^^s) ,and by Riley et al^ (1983)'* However, the data presented 

tall Into ^yestlon whether such specific models qan capture the 

' ' ■ ' *' ' ■ ' ^ 

variability In Children's performance/' *&ome alterations In the model 

are suggested by thiese results* 



The study indicates that It Is not necessary to save word problems 

t 

until computational skills are mastered. Instructional activities * 
should capittfllEe on chlldrejn*s na\ural problem^solvltig capabilities 
rather than s'^ttlng up artificial situatlo|is< Instruction could. In 
the 'future, mope closely follow tKe progression of skills Identified^ 
here* . . * * . ^ 

■">••,, ■ - ^ ' ■ • 

Abst^ctor^s Comments 

The empirical verification of hypotheslEed models In mathematics 
» * ^education Is 'an lmporl^t„ research |ictlvity» 

(2) The study looks at basic ^klll development and makes comments 
with Instructional 11]^>llcatlons . 

(3) The report is extremaly thorough and detailed, . SS^much so. In 
fact, that It Is a little hard to follow at tlm^es* 

(4) The background ^^ectlon refers to other studies for a deeper 
review of the literature* More elaboration on studies could have 

^6een done, such for example, work done by Le Blanc, Steff^, 
jSlnsburg,. and others. ^ % 

(5) The presentation of data Is well-done (both tables and figures). 

(6) In general, the study Is fine one. More In-depth, longitudinal, 
clinical work of this type Is badly Weeded In mathematics?^ 
education. ^ . ^ ^ ' 



if- 
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Charles, Randall I. and Lester, Frank K., Jr, AN EVALUATION A PROCESS-. ^ 



ORIENTED INSTRUCTIONAL' PROGRAM IN MATHEMATICAL PROBLEM SOLVING IN 
GRADES 5 AND 7* Journar for Research in Mathematics gHuca'tiofl ,15: 15-3A; 
Jmiuary 1984* " " ^ 

Abstract and coioments prepared for^I»li»E» by WALTER SZETELA, The 
University ^f Brltlsh CoJ^umbla; * 

K Purpose i . ' - * 

■ ^ ^ * ' ■ . ^ . \ ■ 1 

The effectiveness of a Mathematical Problem Solvjlng (MPS), program •was 
evaluated at grade levels 5 and;7 on the following basis: \ *\ "/ ; / 

a) A comparj^n of the problem-solving performance of stjiden^i^^'* ^ - 
participating In the program with students-whose probleinysolv^ng *" ,' ^ 
instruction was limited to regular textbook materl^al* * ^ 

b) The nature of changes in students' problem-solving performance &ver , 

' - ' ^ ^ .■ / ^ ' 

three periods of about 8 weeks ea^h* j j 

c) The attitudes of teachecs toward problem-solving and the MPS prcffir^m. . f 



2»' Rationale 



Ed th^ 



Other instructional prograpis on ^problfem-solvlrigj^ave' proriloted 
learning of problem-^solving strategies, e^^phaaized solving prol^lems and 
encouraged an active role, f or the teacher, ' In addition to!^fiese , ' * 
characteristics of problem-solving"^ programs, tfte MPS pVQgrani f©caise*ci tpoh ^' 
each phase of Polya's four-stage model of pi:ot^lem"-solvl^g, -emphasized . 
extensive -^^^rlence with, proc^ess problems, ^otight to develop ^ students* 
abilities to^select and use a variety ofVstrategie^,' an**lncorporated ' / 
a specific teaching strategy for problem-solving, ^ - ^ - -C . 1 * 



3. Rese^rieh Pesigil and ProceduireS 



.The MPS program was a eurrfculum resenijrch and developme^' project 
* sponsored^y 4:he West* Vlrgipia, Department] of Education^ TjjB* prpgrain 
cori^isteji^ of (a) instructional materi^s /for problem-solving; ' ' 
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(h) guidelines suggesting ways to (^^eate a classi^om atmosphere - to 



enhance 'problem-solvlng successj- and (c) a teachlhg.str^tegy for 
problem-solvlnfe* From* 36 -schools in four counties In West, Virginia, " 
23 seventh-grade teachers were asked to participate In a pro^em-sol^ng- 
project* Teachers^ classesrwet^e assigned to treatment or conti^cD^l^^oups 
to maintain ''roughly- equal meaa achievement on the Compreher^slve Test 
of Baslc^klH^ (CTBS, 1973)", : Complete data were available for lO^rade 

5 treat^nept classes and 11 -conttoi dasses^ahd In grade 7 for .10 treat-, 
ment and 13 control classes^ ^ ^ 

■ ■ _ ' ■ - ' . ... ■ ■ ■ ' ^ 

Teachers In treatment classes received 3 hours of training on use . 
of the MPS program prior to*the pretest* During the 23 weeks of the 
study, each treatment claas was observed at least three tfines "to 
assure proper implementation of the programj'. Treatment classes haS 
the regular math^atics program and ^the MPS program in the same perlcid* 
By the end ol the study, treatment and control classes had. covered the 
same, number of pages in -the textbook* ^ 

Three mathematics educators wrote problems for two item po&ls, one 
for fifth grade and one^for seventh grade»^,^^Problems were to.be at^^three 
levels of dlfflcultyr'and such that' "a student of average ability should 
be^able to solve ^fter .^participating in a |ood problem-solving program 
for one- year/' At each of grades 5 >nd 7,' four forms of a test were 



developed* Each form contained two complex bransXation problems and ^ 
two .process problems* - ^ i:^ / 

One form of the test was. administered to each student in September 
as a pretes't^*^ .After 23 weeks, a different, form of the test was given 
as a posttest,. Students in t;he treatment group took two other forms of, 
the test* one after 8 weeks and one after 16 weeks "of instruction* 

" . . .^^ • X. / " 

w Problem-solving performance was, assess^t^^^ojy^hr^e dimensions: 
understanding the problem^ using strategies in planning to solve the^^ 
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problem, and the result of work on the problem. Each dinjensloti^^Vas 
scored 0, 1, or 2 'for poor, fair, and good performance, ' respectively . 
Sco»s for the 4: wo complex problems were combined, and scoreV fo^ the 
tWo^proces's problems were combined* Thus, on three dimensionsXevaluated, 
there were six scores for each test. Intercoder reliabilities fqr two 
trained scorers ranged from 0;77 to 0.95- 

' I" ' 

4. Results 



Test data were analyzed by analyses of covariance,. and teachers i 
wer^v interviewed for conunents about the IJSPS program. 



On all measures except for result foi; complex translation problems 
at both grade levels, tireatment classes scored signif icantly'higher 
^ than control classes* V ■ 

vfot classes in the MPS program,, on The dimension of ^ undersiiandlng , 
\^ the greatest growth occurred dirlng the first ^g-week period, at both 
. grade levels, for bath translation and jjrocess^ problems. 



^ On the p Tanning, dimens ion, the investigators discuss the steadiness 
of growth by ^^rade S.cl^ses and\some Variabi|j_ity\for grade 7 classes, 
However,. .graphs displaying, the growth patterns show strikingly similar 
resTults for understanding, and planning at both^grade levels and both 
types of probleita's/ 

Results of intervi^ews with\t:eachers indicate that teachers gre^ 
more positive about: problem-soiving and their ability to teach it, 
found clearly structured .guidelines for implementing the program valuable^ 
and felt low achievers were ra^ivatedVby the program; roost of the teachers 
alsp'found the BPS program "teacliBble /' , , 
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5* Interpre tat ions 



The authors concluded that the MPS program di<l succeed in improving 
students' success invproblem solving on dimensions of understanding 
and planning, and that the MPS program is jnore"" successful with process 
problems -than^tr^nslatioa problems* The program did not substantially ,^ 
'improve success' dti . obtaining correct results* The MPS program^Jhad ^a 
positive influence on, teachers and has theTsCrength of "being ^ organized 
in a way that teachers can use it^with very little in-service training-*' 

The authors recommend a change of focus from instruction variables 
tq^student and process variables through observations of students as 
they solve problems* 

Abstractor's Comments^ 

Charles and Lester have .conducted an important study, the type which 
is critical for any hope of achieving the problem-solving goals stated 
In the NCTM^s Agenda for Action * Without problem-solving programs for - 
teachers which are "teachable * " there" may; be- more -talk about problem 
, solving but J-ess action In. the classroom* Th$ HPS program appears to 
be a sound and well-developed program which can be integrated with 
regular mathematics programs in classrooms wij:h relatively little in- 
service training* * 



■ The author's- bave recogni2fed some limitations o% the study such as 
a lack of observation of stydents^ctually working on problems* This 
practical problem does, not dimiijfl^sji'positive effects noted from paper-- 



and-pencil tests* .The authors also recognize the limitations of using 
volunteer teachers when making generalizations* 



-The following are additional /comments and limitations; 

1* Although th^ authors do point out the limitations concerning the 
effects of administering two problem-solving tests at intermediat 
stages to the treatment groups, their, justification on the 
grounds that tlie "test problems replaced the instructional 
problems on- the days of the tests" and that the students were 
unaware that the /test problems were being used for test purposes 
is tenuous. The HPS classes may well have gained advantjages 
from the extra /testing. The authors were Interested in changes 
nrrn rripg t/he MPS. program developed. It would -have been 
useful to det/ermine as velj. vhat^ changes were taking place with 
classes 'foil/owing a regular problem-solving program. 



2, The authors mentioned three levels of difficulty in the item 
pool ,of problems and ''also a statement about the desirability of 
an average student being pble to solve the prob lems, " T he 
co^iditions seem contradictory. Other- th^n referring to problems 



- ■ as complex tran^ration or pr^cess^^oblems, the nature of the 
problems actually used is a mystery for the reader, "It would 
. * have been^very helpful to provide examples of problems at. the 
two grade levels reported, , ^ * 

- ' ■ • . - " * 

3. There/is a contradiction between a graph that shows the trends 
for planning In Che grade 7 process problems and the statement 
thaJLJ'students..ln^ grade 7-exhibl-ted ^ , , ^ imtlrar— bnpr-eye ment_rat es 
during the first and third periods and a much slower rate during 
the middle perlqd The graph indicates that the greatest growth 
occurr^ed In the first: period and. the slowest growth in the third 
period*- "Frpm the graph it appears that growth rates w^e about , 
0*6, 0^w25, and 0,10 approximately. 



4* Suggested daily tim^ allotments for, problein*solving were as low 
$s 3 minutes and- as much as 25 minutes* It would have been 
useful to obtain -information oh the apptoximate amount of time 
devoted to problem*solving by both treatment and control group 
teachers* A questionnaire to obtain such information would 
have enhanced the information' gathered JErom interviews of 
teachers in the treatment group* 

5* The evaluation scoring scheme gave equal weight to understanding, 
planning, and result in th& prob'lems * The means obtained oh 
dimensions of understanding and^pl^nning are so similar that one 
cannot help but ask the question: Are they really measuring the 
same thing? For the translation problems the means- are almost 

i(^entical* In 8 comparisons the means for understanding and 

* ^ ^ 

planning differ ati-^most' by; 0*04 (unadjusted. means) * For process 
problepfis the greatest difference between means for the same two 
dim^i^ions ^is 0*19* This observatibn illustrates the diffic^ulties 
of evaluation in- problem-solving, s point not unnoticed by the 
* authors, who suggest the need to develop valid and reliable 

- - ' 

^ problem-solving, instruments* ■ r ^ 

Despite, these observations and limitations, overall, Charles and 
Lester. have demonstrated a much needed model for classrbom implementation 
of problem. solving which ^appears do b^. a sterling example of practical 
research withiii reach of any interested teacher* 
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Clute, Pamela S. MATHEHATICS ANXIETY, INSTRUCTIONAL METHOD, AND 
ACHIEVEMENT IN A SURVEY COURSE IN COLLEGE MAT^HEMATICS. - Journal for 
Research in Matheritatics Educatlon i -15 : 50-58; January 1984. - ' 

Abstract and comments prepared for l.M.E, by ^TH ANN MEYER, Western 
Michigan University. ^ 

1* Purpose ' 

The stated purpose of this $tudy was to look at the^ relationship 
of an^!;iety and ^t;eachlng method, and their Interaction to mathematics 
achievement. 



2» Rationale . 

The author comments that although research has shovn that mathematics 
achievement i^s related to mathematics anxiety and that research also ^ 
supports the notion that teaching behaviors and techniques such as ' ' 

' direct Instruction make a difference' in -student achievement, no one 
had previously Investigated the relationship <of- the two factors, 
-mathematics anxiety and instructional' method, 7to ihathetna^tlcs achievement. 

^Consequently, she designed a study for which she hypothesized that 
"college students with low mathanatics aivxiety would perform higher on „ 
a jn^thematlcs achievement test when taught using a discovery approach, 

^jjfhefe^s Students with lilgh anxiety would find an expository approach 
more conducive "to learning/' 

■ 3» ^ :Kesearch Design and. Procedures . * ' 

Subjects: The subjects were 44 college students ^ :the University 
. of California,, Riverside, and 37 students at, California State College, 
San Bernardino, who enrolled ±n a mathematics survey course* ' The - . ^- 

. ^ ^ : - ^ " / ^ ' ' ^ ^ ^ -'".^'^ 

purfrose of .this survey cojjrse was to teach logical, ■ problem-solving* 

^ ' ^ . \' ' . ' ^ . . , . / ^ 

\ and critical thlhklng aspects of Various mathematics topics* 
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r Procedures : Subjects were separated Into high,- medium, and lav 

anxiety groups as determined by their scores on the Mathematics 
% Anxiety Rating Scale. (MARS) » At each college, students were rank*' 

ordered according, to .their MARS scores 'and randomly assigned to one 
of two treatment groups* direct Instruction^ discoverer or direct 
Instruction dxpQsltbry > ) The University of California and California 
State University Mathematics Test (UC/CSU) was then administered to 
the sample to assess dtudents^ ablllty^^D handle blgh-^$ch'ool-l^vel 
' ~ algebraic computations and to asse&s the equivalence of the two 

^ .V treatment groups within and across colleges-wlth respect to these 
,sklll§» 



matbematlcs achievement test ^ than did those students with low 
mathen^ti^^^anxlety. /'^^ between the two treatment inethods 

'was hot. significant/ however, there was a slgnlfitcant Interaction < 
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Following the test administration, the author taught the same 
survey topics to the two treatment groups at each of the colleges* 
Her role In the discovery method w^s "to facilitate the lessor( and 
guide students toward a discovery of the dally objectives through 
questioning strategies**' In the expository method, her goal wps to 
pjresent a well-organl^^d lecture that would present the dally, | 
objectives In a clear manner* At ,the end of the quarter, she 
'admlftlstered amultlple-chblce mathematics achievement test (blAT) 
that she had developed to measuire how well the students had acquired 
the survey course content* . * 

4* Findings ^ 



I 

I 

Since tther^ were no significant college effects for the descriptive 
data of the !^S and the UC/CSJ] Mathematics Test for the twc| treatment, 
groups, , data from the two colleges were ]^oled* An aijalysls, of 
variance of the pooled data showed a, slgnlf Icant^anx'lety Effect 
*(pj<»01)* Students with, hligh,ma,tjjematica anxiety scored lower on the^ 

-; ■ 1 



^ 
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between method and anxiety level. Groups with a high level of 
mathematics anxiety seemed tp score higher vhen taught by the expo,sltory 
method, vhereas low and medium anxiety level groups seemed to score 
higher when taught by the discovery method* 

/ 

When the Items of MAT were classified Ijf^to low and high cognitive 
levels, an analysis of variance of the low/item sco];es showed 
significant effects for aiJxlety and for the tnethod-by-anxlety Inter- 
action, with the differences In the sam^^dlrectlon^ as before* An 
analysis of variance for the hlghrlevelL Items showed a significant 
main effect for method (discovery groups performed better), a 
significant main effect for anxiety (higher performance was associated 
with lower anxiety), and no slgnif4<^^t interaction between method 
and^ anxiety,. 

5. Interpretations 

'*The results of the study provide new evidence .that hlgh-anMety 
students may benefit more In terms of achievement when taught using 
an expository method whereas low-anxiety students may benefit more when 
taught by a discovery method. If the desired outcome Is cqrrect 
answers to Iiigh-level questions, a discovery method may benefit 
Students atall le^^ls of anxiety* It seems highly likely that another^ 
varlabTe, confidence, could Interact with Instructional method and 
affect .achievement , " (p, 57) 

Abstactor^s Comments 

The Investigator *s findings seem to support an hypothesis that I 
have accepted for, some time in college classroom situations* Students 
with high anxiety do seem to learn better when^ taught using an 
expository method,*" whereas low^or moderate anxiety students prefer a 
guided discovery approacti* Sli)ce I cannot separate students by anxiety 
levels, I adjiist by .varying ^and combining methods of instruction* 
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One questions, however, th6 credence that should be placed in a 
study such as this* Jhe anxiety-level groups were relatively small; ' 
the high aftxiety level at San Bernardino had only fiv^ students for 
each instruction method* Moreover, one may question the procedure 
that was^used to form the anxiety groups^ The investigator adjusted 
cut-off scores of MARS for the low, medium, and high groups in order 
to have approxiinately equal groups* One questions what high, medium, 
or*low anxiety really mean* How can, there ever be crpss-study 
comparisons if investigators continue to change cut-off scores, for 
the anxiety levels? 



Two minor errbrs are; 

In Tablb 1, the first anxiety level for the.UC/CSU test 

should be High, 
For Tables 4 and 5, the maximum scores are interchanged. 
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